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1. BACKGROUND AND OBJECTIVES 

/“-e 

r..., 

The purpose of this document is to present a plan for the development of 
Preliminary Remediation Goals (PRGs) for the offshore area of the Derecktor Shipyard/ 
Coddington Cove Superfund Site. The general framework for this activity was based 
upon the “Risk Assessment Guidance for Superfund: Volume 1 - Human Health 
Evaluation manual (Part B, Development of Risk-based Preliminary Remediation Goals, 
USEPA, 1991 a). 

The Derecktor ShipyardKoddington Cove site is located at the Naval Education 
and Training Center (NETC), Newport, RI, located in the lower East Passage of 
Narragansett Bay. As a Department of Defense (DOD) facility, investigation and 
cleanup are conducted as part of the Navy’s IR (Installation Restoration) Program, 
although requirements are also to be consistent with Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCIA), pursuant to the Federal IFacility 
Agreement (FFA) agreement of March 1992 between the Navy, USEPA and RIDEM. 

As part of the IR Program, numerous investigations have been conducted1 to 
determine the type and extent of constituents of concern (CoCs) in soil, groundwater, 
and offshore sediment and shellfish, including associated risks to the environment and 
human health. Results of these investigations revealed elevated ecological and human 
health risks for offshore (e.g. sediment and shellfish tissue) media. 

Based on the results of these investigations, the Navy will prepare a Feasibility 
Study (FS) for Derecktor Shipyard describing options for remedial actions. The remedy 
options will be evaluated with regard to effectiveness for meeting objectives for 
mitigation of existing and potential threats to public health and the environment. These 
Remedial Action Objectives (RAOs) are based on knowledge of the types of Co&, the 
environmental media (e.g., soil, water, sediment) in which they are found or could be 
found in the future and the projected use of the site (Table 1). 

Although it is recognized that the remedy will provide a mechanism to meet the 
RAOs, the spatial extent of the remedy will have to be sufficient to ensure that residual 
CoCs do not remain at levels higher than Federal and State Applicable or Relevant and 
Appropriate Requirements (ARARs) or To-Be-Considered (TBC) standards. The 
applicable chemical-specific ARARsITBCs are likely to be focused on sediment as the 
media of concern. 

Among the chemical-specific ARARs described in Table 2 are the Federal 
ARARs/TBCs derived from promulgated USEPA Water Quality Criteria and proposed 
USEPA Sediment Quality Criteria, which are intended to be protective of 95% of all 
aquatic species. The threshold chemical concentrations that comply with the ARAR or 
TBC criteria are called the PRGs for the site. The CoCs and associated concentrations 
to be used as PRGs are supposed to be risk-based, i.e., reflective of the results of the 
risk assessment with respect to the selection of those CoCs that “limit” remediation 
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(USEPA, 1991 a). Here, “limiting” CoCs (L-CoCs) are those analytes that are 
responsible for much of the baseline risk (because of high concentrations and/or strong 
correlations with high toxicity), such that by cleaning up these CoCs to their PRG 
concentrations, other co-located CoCs will be cleaned up to levels much lower than 
their corresponding goals. 

In this report, PRGs are developed to permit remedial alternatives evaluation in 
accordance with the requirements of the National Contigency Plan (NCP) and CERCLA 
guidance. Two threshold criteria (overall protection of human health and the 
environment, and compliance with ARARs) and one of five “balancing” criteria 
(reduction of toxicity) that are used to evaluate the RAOs are directly applicable to PRG 
selection. The other balancing criteria (long-term effectiveness and permanence; 
reduction of toxicity, mobility, or volume through treatment; short-term effectiveness; 
implementability and cost) are evaluated in the FS that also directly affect the 
acceptability of various remedial alternatives. Hence, the PRGs developed in this report 
do not represent absolute levels which must be removed from the site, rather the 
application of the seven criteria with Trustee involvement will be necessary to select the 
Final Remediation Goals for the site. 

Based on this information, the objectives of this investigation are as follows: 

0 Derive PRGs; 
a Implement PRGs to determine potential spatial extent of remedial action; 
0 Assess PRG-based results against human health/ecological risk findings 

and ARAR compliance. 

Derivation and implementation of PRGs are discussed in Sections 2.0 and 3.0, 
respectively. In Section 4.0, the effectiveness of selected PRGs are discussed relative 
to risk reduction achieved versus type and concentration of CoCs constituting the 
PRGs. 

2. PRG DERIVATION 

The objective of the overall PRG development process is to select the L-CoCs 
for the site and identify their respective concentrations that, when implemented as 
cleanup criteria, will focus remedial action in those areas where risk is higher than 
acceptable levels. Risk at the site is determined by aquatic, avian predator, and human 
health concerns, hence the derivation of PRGs to protect each of these principal 
exposure pathways is required. The general approach for PRG derivation is presented 
in Section 2.1; pathway-specific procedures and results are presented in Section 2.2, 
Section 2.3 and Section to 2.4 for aquatic, avian predator, and human health, 
respectively. 
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In the PRG development process, it is assumed that the final PRGs developed 
for various CoCs can be used as a basis for intercomparison of relative risks 
contributed by the CoCs, both within and between exposure pathways. Implementing 
aquatic PRGs for a few CoCs exhibiting the maximum observed exceedences of PRG 
concentrations would be assumed to be protective of all co-located CoCs contributing 
risk in the aquatic exposure pathway. The ability to draw such conclusions is critical to 
the derivation of “Limiting” PRGs as described throughout Section 2.0. 

-- 1 

As indicated earlier, a second critical assumption in PRG development involves 
the degree to which the remediation of the chemical causing the highest risk will lead to 
reduction of risks caused by other CoCs. For the Derecktor ShipyardKoddington Cove 
study area, all the various CoCs tend to be found in each environmental sample, such 
that it can be reasonably expected that a similar condition of co-located CoCs will exist 
for unsampled areas. In addition, any CoC found to be “limiting” at a given locatiion and 
exposure pathway is included in the final list of CoCs selected for the pathway. Thus, 
when remedial technologies are applied, the implementation of the most conservative 
(i.e., limiting) PRG can be expected to lead to risk reduction for all CoCs at those 
locations. 

It is important to note that the limiting PRG approach will be effective only when 
various chemical contaminants and exposure pathways remain co-located at the 
sampling location. “Dis-location” of CoCs from one another might arise from application 
of treatment technologies that preferentially remove one CoC class over another., Dis- 
location of pathways may occur if different remedial solutions for a given location are 
selected (e.g.,’ monitoring to protect human health vs. capping to protect the marine 
ecosystem) to protect various classes of receptors (e.g., marine organisms, birds, 
humans). If either of these practices are instituted, then the available data must be re- 
evaluated for each CoC class and exposure pathway to ensure all receptors are 
adequately protected. 

., 
2.1. PRG Development Approach 

r,,-. 

‘” 

It is the objective of PRG development to determine sediment-based 
concentrations which represent thresholds below which adverse effects on aquatic biota 
are not expected to be ecologically significant. Since sediments are the primary 
reservoir of shipyard-related chemical contamination, the primary exposure mechanism 
of concern to be addressed by PRGs are the CoC exposures which occur via sediment 
which may directly expose aquatic biota, or accumulate in tissues of prey organisms for 
terrestrial, avian, and human receptors. The exposure pathways being addressed by 
PRGs can vary greatly; in this document, the process is used to address bedded (i.e., 
in-place) and, resuspended sediment effects on aquatic biota, shellfish predation by 
avian predators and shellfish harvesting by subsistent fishermen in the Derecktor 
Shipyard Coddington Cove study area. 
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The PRG process has been designed to address and integrate these various 
exposure pathways using a consistent and systemic approach. For the present report, 
PRGs for the four distinct exposure pathways are evaluated using standardized 
procedures; development of risk-based PRGs involves refinement of the CoC list and 
calculation of protective concentrations (derivation), followed by an analysis of site- 
specificity and practicality for supporting risk reduction (implementation). The general 
procedures outlined below in 5 steps (l-5) and in Table 3 are discussed in detail in later 
sections will be followed to derive candidate PRGs for the site. Steps 6 and 7 involve 
PRG implementation and assessment and are discussed in Section 3. 

1. 

2. 

Identify primary exposure pathways and select/derive benchmarks to .express 
risks of CoC exposure to target receptors. For the aquatic exposure pathways 
identified in the Marine ERA, the media of concern for PRG derivation is the 
concentration of CoCs in the water of bedded and resuspended sediments, while 
prey tissue residues are the focus of avian exposures. The principal pathway of 
concern for human health exposure was determined in the HHRA to be shellfish 
ingestion by subsistence fishermen. For aquatic pathways Water Quality Criteria 
and/or water-based screening values derived from sediment benchmarks are 
used. For avian predators and human health, the exposure pathway of concern 
are CoCs contained in biota; tissue residue benchmarks are based on safe 
levels of shellfish ingestion and require consideration of site-specific factors 
discussed in Step 2, below. 

Calculate site-specific no effect threshold concentrations for each CoC-receptor 
pair. For each CoC, site-specific factors may exist that modify the degree of 
chemical exposure/bioavailability to target receptors. For the aquatic pathway, 
site-specific factors include the bound form of the CoC in the environment (e.g., 
some CoCs present as paint chips, scrap metal, sand blast material, etc.) which 
could result in CoC bioavailability being less than predicted directly by bulk 
sediment concentrations. Here, aquatic toxicity tests are used to discern 
possible site-specific modification in CoC bioavailability. Similarly, avian and 
human receptors may have varying CoC exposure depending on the age and 
weight of receptors and factors related to their feeding/harvesting habits. 

Using the site-specific information discussed above, the second step in the PRG 
development process is to calculate no effect threshold concentrations (NOEC) 
for each CoC and exposure pathway. The NOEC represents the highest 
chemical concentration for which effects are unlikely to occur. For example, if 
an effect was observed at 2,3, and 4 ppm but not at 0.5 and 1 ppm, the I ppm 
concentration would be selected at the NOEC. Full details of the NOEC 
derivation are discussed on a pathway-specific basis in Section 2. 

3. Retain CoCs substantially contributing to risk. An objective of PRG derivation is 
to identify and retain CoCs for which PRG implementation will lead to effective 
risk reduction at the site while eliminating other CoCs that would not. For this 
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step, it was assumed that if a CoC was a substantial risk contributor, the ihighest 
concentration associated with toxic samples must be greater than the NCEC. All 
CoCs satisfying this requirement were retained for further consideration as 
PRGs. 

4. Evaluate the feasibility of the CoC and pathway-specific NOEC as a long-term 
remediation goal. Because of the general exchange of water and sediment in 
the region of the study area, it must be assumed that it would not technically 
feasible in the long term to remediate to CoC concentrations that are lower than 
those generally found in the region. For this step, regional CoC concentrations 
were summarized and the greater of the NOEC and reference-based 
concentration was determined. The resulting value was adopted as the 
Threshold Effects Value (TEV) for each exposure pathway. 

5. Assess CoC exceedences of TEVs to identify “limiting, ” path way-specific COCS 

for PRG selection. The CoCs and associated concentrations to be used as 
PRGs are supposed to be risk-based, i.e., reflective of the results of the risk 
assessment with respect to the selection of those CoCs that “limit” remediation 
(USEPA, 1991 a). Here, L-CoCs are those analytes that are responsible for 
much of the baseline risk (because of high concentrations and/or strong 
correlations with high toxicity) such that by cleaning up these CoCs to their PRG 
concentrations other co-located CoCs will be reduced to levels much lower than 
their corresponding effects-based concentrations. 

The approach for selection of L-CoCs for aquatic, avian and human health1 
exposure pathways involved the straightforward application of pathway-specific 
TEV values to derive Hazard Quotients (HQs). These HQ values were inter- 
compared for each station and CoC to identify the L-CoC, e.g., that CoC- 
exposure pathway pair that represents the maximum TEV-HQ observed fair the 
station. This procedure greatly reduces the reliance on assumption of CoC co- 
location across the site because the broad spatial distribution of sampling 
locations minimizes the potential that a novel CoC (unique in distribution, 
concentration or speciation) would be missed and thus fail to be included as a L- 
cot. 

6. Calculate PRGs from TEVs. Based on the selection of L-CoC and the media- 
specific concentrations that will achieve optimal risk reduction (TEVs), the TEV 
values are recalculated as necessary into appropriate (sediment-based) 
concentration (PRG) units to be implemented during site remediation. The 
calculated values are also discussed relative to traditional benchmarks so as to 
compare the relative degree of protection afforded to exposure pathways bly site- 
specific and generic approaches. 

7. Evaluate the practicality of the PRGs for effective risk reduction. In this spatial 
analysis, a candidate PRG that, upon implementation as part of a remedial 
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action, would result in risk reduction in the most affected areas should be 
favored over other candidate PRGs that do not. Note that this step, unlike the 
previous steps, is a qualitative, risk-based interpretation based on best 
professional judgment. In this analysis, the location of PRG exceedences 
(e.g., PRG-HQ > 1) for each of the L-CoCs is reviewed with respect to the spatial 
distribution and likelihood of observed risks at the site as concluded from the 
results of the ecological risk assessment (ERA) or human health risk assessment 
(HHRA). The extent of concurrence between the degree of apparent risk 
reduction and remediated area is discussed and presented as Recommended 
PRGs (RPRGs) so as to provide input into risk management decisions regarding 
the setting of Final Remediation Goals (established as part of the final Record 
of Decision for the site). As such, this focused discussion is intended to be 
primarily supportive of the FS analysis of the five balancing criteria (see 
Section I) in which extent of risk reduction is assessed against monetary and 
engineering implications of remedial alternatives. 

In summary, steps I-5 above involve the identification of L-CoCs and matrix- 
specific (water, sediment, shellfish tissue) concentrations below which no adverse 
effects are expected. These steps are discussed in detail for aquatic, avian, and 
human health exposure pathways in Section 2.2 to Section 2.4, respectively; a 
summary of L-CoC selections is provided in Section 2.5. Separate from the above, 
steps 6-7 involve PRG implementation and assessment on a pathway-specific basis 
and are discussed in detail in Section 3. 

2.2. Aquatic PRG Derivation 

As identified in Section I, five steps are required for aquatic PRG derivation. 
Each of these steps is fully addressed in the following sections. 

I. Pathway /dentification/Benchmark selection. The Marine ERA identified 
sediments as the principal exposure pathway of concern for aquatic receptors. 
Sediment Quality Criteria (SQC) for sediments and Water Quality Criteria (WQC) for 
surface waters are logical choices as ARARs for the Derecktor Shipyard/Coddington 
Cove study area. Although the direct applicability of SQC has been limited by the 
number of available criteria to date (presently five non-ionic organic compounds 
including three PAHs (acenaphthene (USEPA, 1993a), fluoranthene (USEPA, 1993b), 
phenanthrene (USEPA, 1993~) included as CoCs in the Marine ERA), the SQC 
derivation process has demonstrated the applicability of WQC to porewater 
concentrations for prediction of sediment toxicity when partitioning characteristics of the 
CoC between water and the organic carbon fraction of the sediment (K,,) is taken into 
account using the equilibrium partitioning (EqP) model of Di Toro et al. (1991) as 
follows: 

1) C, = C,/(fO, * K& 
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In the above equation, organic chemical porewater concentrations (C,, pg/L) are! 
calculated from the corresponding sediment concentration (C,; ug/kg), based on the 
fraction of organic carbon (Foe) in the site sediment; [foe = %TOC/lOO (Total Organic 
Carbon)] and the organic carbon/water partitioning coefficient (Koc) for the CoC. 
Values for K,, (Table 5) were determined from the relationship developed by the EPA 
(Karickhoff, 1989): 

2) bhK0, = 0.00028 + 0.983*log,,K,; 

where &w = the octanolhvater partition coefficient. 

By adopting the EqP approach for the development of aquatic PRGs for the 
present investigation, the chemical concentration in porewater in relation to WQC is 
used as the primary measure of potential adverse effects (i.e., risk) to aquatic biota. 
The EqP model also allows incorporation of station-specific conditions (principally TOC 
content of sediment measured at the location) that control sediment-porewater 
partitioning and hence chemical bioavailability in bedded sediments. In contrast to the 
bedded sediment exposure pathway, direct measurements of CoCs in elutriates for the 
resuspended pathway obviates the need for partitioning calculations for this medium., 

As discussed in Section I, determination of organic and metal CoCs responsible 
for the majority of the risk is assessed through normalizing concentrations to 
benchmarks so as to adjust for differences in the inherent toxicity of the chemicall. For 
this investigation, Water Quality Screening Values (WQSV) adopted primarily from EPA 
Water Quality Criteria - Saltwater Chronic (WQC-SC) values (or estimated equivalents, 
discussed below) were used as the benchmarks. 

Water-based CoC criteria are proposed for calculation following the decision tree 
presented in Figure 2.2-l. This approach allows for calculation of “WQC-SC 
equivalent” benchmarks, and assigns a data qualifier (DQ) to identify the benchmark 
source for derivation of the HQ. In Table 4, the DQ “A” is applied to benchmarks 
derived directly from existing WQC-SC values. For CoCs possessing WQC-saltwater 
acute values (WQC-SA), an 8:l acute:chronic ratio is applied to derive the equivalent 
WQC-SC value (DQ = “B”). The conversion factor was derived from the mean overall 
acute:chronic ratio for paired chemical data contained in the EPA AQUIRE database 
(Shepard, 1998). Freshwater chronic data (WQC-FC) are used directly as screening 
values, with assigned data qualifier “C”. As with WQC-SA values, freshwater acuite 
(FA) values were converted to chronic values using an 8:l acute:chronic ratio, and 
assigned DQ = “D”. , 

Some sediment-based correlative benchmarks are required to complete the 
assessment of site-related CoCs where water quality benchmarks are lacking (Table 4). 
In these cases, NOAA Effects Range-Low (ER-L) (Long et al., 1995) concentrations 
were selected and translated into porewater equivalent concentrations using the EqP 
model. In this process, it is assumed that the resultant value provides a level of 
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protection equivalent to other water quality based benchmarks. This assumption is not 
unreasonable given that the WQC values are designed to be protective of 95% of all 
species, while NOAA ER-L values represent concentrations below which 90% of all 
sediment samples had no measurable adverse effect. Hence, sediment benchmark 
values (NOAA ER-L) were transformed into water-equivalent benchmarks using the 
EqP model by assuming 1% sediment TOC concentration (DQ = E). Finally, 
compounds for which no benchmark screening values were available are designated 
“NA” in Table 4. 

Research by the USEPA into the development of SQC for divalent metals 
(Cu, Cd, Pb, Ni, and Zn) in sediment has shown that sediment toxicity can be predicted 
when the quantity of Simultaneously Extractable Metal (SEM) present in excess of the 
Acid Volatile Sulfide (AVS) concentration in sediment is measured (Berry et a/., 1996). 
The expression of SEM relative to AVS has been historically expressed as the 
SEM/AVS ratio, although the difference of SEM and AVS (SEM-AVS) is now preferred, 
as the metric is less sensitive to conditions where AVS is near detection limits 
(e.g., resulting in very high SEM/AVS ratios). The use of SEM-AVS is based on the fact 
that AVS will bind divalent metals in direct proportion to their respective molar 
concentrations (Hansen et al., 1996). In the EPA National Sediment Quality Inventory 
(USEPA, 1996a) the SEM-AVS value of 5 umol/g dry wt is recommended as a 
screening value for identification of bedded sediments of concern with regard to 
potential divalent metal effects on aquatic biota in bedded sediments. 

The above application of SEM:AVS data to bedded sediments can be modified 
to be relevant to sediments recently deposited as a result of resuspension. By 
assuming that all AVS is oxidized during resuspension (AVS = 0) and that the SEM 
concentration of settled particulates is the same as that of bedded sediment 
(conservatively assuming no losses in the water column), the potential effect of metals 
in sediments subject to resuspension can be assessed by direct comparison of SEM 
metal concentration against the SEM benchmark (5 uMol/g). It is noted that this 
evaluation was also performed in the ERA (Table 6.1-1). The SEM-AVS method is not 
directly amenable to PRG development since it does not directly identify CoC-specific 
PRGs. However, the data are useful for evaluation of the overall need for metals-based 
site-specific PRGs. 

The WQSV presented in Table 4 represent thresholds for adverse effects to 
aquatic biota as derived from available water quality criteria and modified sediment 
benchmarks. Porewater and elutriate concentrations (reported in Tables A-3.1 and 
A-4.1, respectively) are divided by the WQSV to obtain Porewater Hazard Quotients 
(PW-HQs; Table A-3.2) and Elutriate Hazard Quotients (ELU-HQs; Table A-4.2). 
These quotients are used to determine no effect concentrations as discussed in the 
following section. 

2. Calculate site-specific no effect threshold concentrations for each CoC- 
receptor pair. A common element of correlative benchmark development is the process 
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of establishing statistical confidence limits for sediment concentrations with varying 
likelihood of biological effects. For example, the NOAA ER-L benchmark (Long and 
Morgan, 1990; Long et al., 1995) was developed by matching of chemical 
concentrations with incidence of benthic effects (e.g., toxicity, reduced benthic 
composition, biomarker response) measured in field samples, and statically estirnating 
the sediment concentration below which no adverse effect was observed 90% of the 
time. 

As introduced in Section 1, it is expected that site-specific factors exist which 
control the bioavailability of CoCs in the marine sediments of the shipyard/cove study 
area and thus modify the degree of chemical impacts on target receptors. For the 
present investigation, the primary indicator of site-specific CoC bioavailability in bedded 
sediment are toxicity results from the amphipod (Ampelisca abdifa) IO-day bulk 
sediment test, while for resuspended sediments, results of the sea urchin (Arbacia 
punctulata) fertilization and larval development elutriate tests are used. An amphipod 
and sea urchin biotoxicity test was conducted at each location where a bulk sediment or 
elutriate chemistry sample was collected, respectively. 

Adapting the general approach presented for ER-L derivation (discussed above), 
PW-HQ data were paired with co-located amphipod toxicity results, while elutriate 
hazard quotient (ELU-HQ) data were paired with co-located sea urchin toxicity results. 
The paired data sets were subsequently segregated in non-toxic and toxic samplles 
defined for each as follows: amphipod survival ~80% = non-toxic; sea urchin 
successful fertilization 170% = non-toxic, and sea urchin larval development 
IC,, ) 50% = non toxic. The PW-HQ or ELU-HQ database test endpoint are reported in 
(Tables A-3.3A, A-3.3B, A-4.3, and A-4.4). 

The HQ databases include statistical summaries of the mean, maximum, amd 

upper 95% of CoGspecific HQs. The non-toxic data sets available for derivation of no 
effect thresholds include 15 co-located stations for the bedded sediment pathway and 
9-l 1 stations for the resuspended sediment pathway. 

For each CoC, the highest concentration for which adverse effects are unlikely, 
called the No Observable Effect Quotient (NOEQ), was estimated as the upper 95% 
confidence limit (UCL) of the non-toxic PW-HQ or ELU-HQ data set (e.g., expected risk 
threshold at maximum CoC bioavailability). The 95% UCL approached was adopted as 
a method comparable to the USEPA WQC level of protection for chronic effects as 
calculated from single species/single toxicant bioassay results. For NOEQ values c I, 
an NOEQ = I was adopted for the CoC assuming that it is unlikely that site specific 
factors could increase CoC bioavailability to levels above that occurring in water-only 
tests. 

NOEQ results for the bedded and resuspended sediment exposure pathwalys are 
provided in Tables 5A and 5B, respectively. The listed CoCs include metals, PAHs, 
Total PCBs, and pesticides as well as aggregate values for Low Molecular Weight 
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(LMW) PAHs, High Molecular Weight (HMW) PAHs and Total PAHs, and a sediment- 
based measure of divalent metal bioavailability (SEM-AVS). The aggregate CoC 
classes were included to address the potential additive effects of PAH and metal 
mixtures. 

For most CoCs, the NOEQ was less than 1, indicating good agreement between 
measured toxicity and the literature-based WQC data; indicating that toxicity was not 
observed where criteria values predict that toxicity should not occur. In such cases 
where the CoC-specific NOEQ was less than I, a NOEQ value of I was retained. For 
some CoCs, the NOEQ did exceed unity somewhat; this is attributed to the fact site- 
specific conditions have slightly reduced CoC bioavailability relative to conditions under 
which the WQC are derived (i.e., single-species, water-only laboratory bioassays). 
Here, the NOEQ was selected as the greater of the upper 95% HQ and the default HQ 
(e.g., HQ=l). 

3. Retain CoCs substantially contributing to risk. Also listed in Table 5 are the 
maximum PW-HQ values for sediment samples found to be toxic to amphipods and 
maximum ELU-HQ values for elutriate samples found to be toxic to sea urchin larval 
development. No toxicity to sea urchin fertilization exposed to elutriates was observed 
in the ERA investigation. Those CoCs which were found to exceed the NOEQ 
benchmark (Max. HQ > NOEQ) for a given test endpoint were retained for further PRG 
derivation. For bedded sediment, the CoCs included HMW PAHs and Total PCBs. For 
resuspended sediments, CoCs included arsenic, copper, lead, HMW PAHs, Total 
PAHs, Total PCBs, and the pesticide o,p’;DDE. In assessing the potential for metals 
effects in resuspended sediment only four stations (DSY-27, 28, 29, 30) marginally 
exceeded the benchmark (e.g. SEM concentration >5 pmolelg), and only one station by 
more than a factor of two (DSY-27 12.1 ,umolelg). Given that the SEM value the sum of 
five metals (Cu, Cd, Pb, Ni, Zn), and that AVS was extremely high in this sediment 
(176 pmolelg) it is unlikely that the combined effect of metals (let alone individual 
metals) are responsible for adverse effects at this or any other sample location. 

The Aquatic NOEQ value used for further PRG development was taken as the 
minimum of the test-specific endpoints. Given the comparability of the NOEQ data 
among test endpointsand the observation that the calculated NOEQs are generally less 
than three (LMW and Total PAH for resuspended sediment was -7.3), it is apparent 
that the site-specific CoC bioavailability is similar to that found for laboratory bioassay 
experiments. This good agreement is attributed to the fact that the test species 
employed in the Marine ERA are sensitive to site CoCs and serve as adequate 
surrogates for the most sensitive species in the shipyard/cove study area. 

4. Evaluate the feasibility of the CoC and pathway-specific NOEC as a long-term 
remediation goal. Table 6 presents a summary of aquatic Reference Screening Values 
(RSVs) for the candidate CoCs identified in Steps I-3, above. The database was 
assembled from measured or predicted porewater and elutriate concentrations at 
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reference locations used for the Allen Harbor (SAIC, 1996), McAllister Point (SAIC and 
URI, 1997a), and Derecktor Shipyard (SAIC and URI, 1997b) Marine ERAS (Table 6). 

Prior to the use of these data, a limited assessment of these reference locations 
in lower Narragansett Bay to reference stations selected for the Derecktor 
Shipyard/Coddington Cove study area was conducted to demonstrate comparability of 
habitat and hence suitability as sites for background data. Data presented in 
Table A-2.2 show that the sand (66-88%), silt (12-33%), and TOC (l.l-1.7%) content 
for Derecktor ShipyardKoddington Cove reference locations were within the range 
observed for Narragansett Bay stations as a whole; these similar geotechnical 
characteristics imply comparability of habitats. Hence it was assumed that the 
reference database can serve as suitable indicator of background CoC concentrations 
for derivation of’aquatic PRGs. 

In the development of the reference databases for the aquatic exposure 
pathways, the porewater reference data were screened for statistical outliers (defined 
as values greater than + 2 S.D. of the mean) to ensure that the RSV was not 
inappropriately elevated by atypical CoC distribution. The mean and 95% UCL of 
porewater concentrations after outlier removal were recalculated to obtain the RSV for 
the bedded sediment exposure pathway. In the case of the resuspended sediment 
scenario, only a single reference location (JPC-1) was measured for elutriate 
concentrations, hence the value obtained were used without modification. 

Data for determination of aquatic TEVs are presented in Table 7. The Aqiuatic 
NOEQ values (from Step 3) were converted into the NOEC (e.g., water concentration 
units) to permit comparison against porewater and elutriate RSVs derived as described 
in Step 4. Subsequently the Aquatic TEV (AQ-TEV) was taken as the greater of the 
Aquatic NOEC and Aquatic RSV concentrations. The comparison of the two values 
show that the NOEC concentration exceeds the background concentration in most 
cases, suggesting that it would be feasible to remediate to the TEV concentrations, as 
background concentrations (represented as the aquatic RSV) would not be expelcted 
contribute to recontamination of the site. For lead and o,p’-DDE, however, the RSV 
exceeds the TEV, and thus the RSV is selected as the TEV for these CoCs. 

5. Assess CoC exceedences of TEVs to identify “limiting, “pathway-specific 
CoCs forP/?G selection. As discussed in Section 2.1 (step 5), the list of CoCs to1 be 
retained as candidate PRGs are supposed to be “limiting”, such that by cleaning up 
these CoCs to their PRG concentrations, other co-located CoCs will be reduced t,o 
levels much lower than their corresponding effects thresholds. In this step, the L-CoCs 
are derived by intercomparing TEV-HQs (in tu,rn, derived from normalization of CoC 
concentrations in site to respective TEVs) and selecting the CoC with the maximum risk 
within and among pathways on a station-by-station basis. 

To further ensure that all important L-CoCs be retained for the aquatic exposure 
pathway, the CoC with the maximum TEV-HQ for the station-pathway was selected 
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whenever the station-pathway sum TEV-HQ > 1. This step was taken to further 
address the uncertainty in the co-location assumption by identifying any CoC which 
might substantially contribute to risk at the site. The process was repeated for all 
sampled locations to identify the collection of all possible L-CoCs. Because of the large 
number of stations used in this analysis (19) and the broad spatial distribution of 
sampling locations, the potential that a novel CoC (unique in distribution, concentration 
or speciation) would be missed and hence fail to be included as a L-CoC was greatly 
reduced. 

Table A-5 presents the maximum observed TEV-HQs by exposure pathway and 
station. Results show that among all the possible CoC candidates for both exposure 
pathways, only a small number of CoCs had TEV-HQs > 1. For the bedded sediment 
exposure pathway, the two L-CoCs were HMW PAHs and Total PCBs. Arsenic, 
copper, lead, Total PCBs, and o,p’-DDE were identified as L-CoCs for the resuspended 
sediment exposure pathway. These CoCs are identified as Limiting CoCs in Table 7 
which will be brought forward to Section 3.1 (Aquatic PRG implementation) for further 
development as PRGs. 

It is noted that the application of a toxicity screen for the identification of L-CoCs 
did not appear to have greatly affected those CoCs which would have been selected 
based on direct WQSV comparisons alone. For porewater, SEM-AVS values suggest 
that divalent metals are not biologically available (SEM-AVS < 0, Table A-3.3A), hence 
analyte-specific porewater concentrations, although not measured, would be expected 
to be less than ambient water quality criteria. Some high molecular weight PAHs were 
predicted to exceed WQSVs (e.g., anthracene, benzo(a)anthracene, flourene, 
chrysene), but were not identified by the toxicity evaluation. In this case, however, 
these PAHs were addressed by adopting a HMW PAH aggregate PRG. Thus, while not 
specifically selecting these CoCs, the potential cumulative risks responsible from these 
PAHs were accounted for. Finally, pesticides were not identified in the toxicity screen, 
nor were any of these CoCs above WQSV values. Hence, it can be concluded that the 
toxicity screen did not exclude any key CoCs which might have been selected by the 
application of WQSV alone. 

2.3. Avian Predator PRG Derivation 

7. Pathway ldentificationA3enchmark derivation. Findings of the Marine ERA 
indicate that avian aquatic predators are at potential risk because of CoCs contained in 
the tissue of prey that they consume. Initial selection of CoCs and benchmarks for 
avian predator PRG derivation were based on the Derecktor Shipyard Marine ERA 
results comparing prey species tissue residue concentrations to Toxicity Reference 
Value (TRV) benchmarks for any CoC and predator-prey combination in the 
shipyard/cove study area (ERA Table 6.3-2). These TRVs already incorporate site- 
specific factors as described in Step 2, below. The resulting HQ values (TRV-HQs), 
derived as the prey species concentration (mg/kg dry weight) divided by the TRV 
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(mg/kg dry weight), are reported in Appendix A-2-4 of the Final Marine ERA (SAIC and 
URI, 1997b). 
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2. Calculate site-specific no effect threshold concentrations for each CoC- 
receptorpair. Site-specific factors controlling CoC bioavailability to local birds selected 
for the ERA (great blue heron and herring gull) include the species, age and weight, 
and factors related to their feeding habits and migratory range in the New England 
region. The following description of methods and results for deriving TRVs for great 
blue heron follows is the same as used in the Marine ERA (Section 6.3). 

A literature survey was conducted to identify studies where No Observed 
Adverse Effect Levels (NOAELs) and/or Lowest Observed Adverse Effect Levels 
(LOAELs) were determined for avian test species. The resulting data set included 
NOAEULOAELs for both domestic and wild birds; where possible, aquatic bird test data 
was selected in preference over data for other bird species. Subsequently, the 
equivalent NOAEL for the receptor of concern (wildlife NOAEL) was obtained by scaling 
the laboratory data (test NOAEL) on the basis of differences in body size according to 
the following equation: 

- ,* NOAEL-wildlife = test NOAEL x [test bw/wildIife bw]“3 (Opresko et a/., 1994) 

where: wildlife bw = body weight of wildlife species in kg 
test bw = body weight of laboratory species in kg 
test NOAEL,= experimental dose in mg CoC/kg RoC/day 

The TRV is defined as the concentration in food (in mg CoC/kg dry weight of 
food) which would result in a dose equivalent to the NOAEL (assuming no exposure 
through other environmental media), after Opresko et al., 1996. The TRV was 
calculated from the food factor t which is the amount of food consumed per unit body 
weight per day: 

\ TRV = wildlife NOAEUf (Opresko et al., 1994) 

Food factors for aquatic predators were derived from the Food Consumption Rate 
(FCR, in kg prey dry weight/day) and the receptor body weight (bw in kg): 

-* 
f = FCR/bw (Opresko et a/., 1994). 

For the Derecktor Shipyard ERA, the FCR for great blue heron were estimated from the 
allometric regression model of Kushlan (1978, as cited in USEPA, 1993). 

3. Retain CoCs substantially contributing to risk. Using the above model and 

i-. results for great blue heron, all CoCs with TRV-HQs > 1 were retained for further PRG 
derivation (ERA Table A-2-4.6). CoCs meeting the TRV-HQ >I criteria include eight 
metals (arsenic, cadmium, chromium, copper, lead, mercury, silver, and zinc) as well as 
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Total PCBs. Note that in the ERA, maximum TRV-HQs for the PAHs and pesticides 
were found to be uniformly less than unity and thus were eliminated from further 
development as PRGs for the avian exposure pathway. 

4. Evaluate the feasibility of the CoC and pathway-specific no effect threshold 
concentration as a long-term remediation goal. As done for the aquatic RSV 
derivation, a reference database consisting of prey species tissue concentrations was 
developed for CoCs identified in Step 3, above, to derive Avian Reference Screening 
Values (AV-RSVs), being the mean + upper 95% confidence band statistics of 
reference tissue data after outlier removals. These results are reported in Table 8. 

The resulting avian predator RSVs are compared against TRVs in Table 9 to 
evaluate the feasibility of implementation. The TRV values for cadmium, copper, lead, 
and mercury were higher than avian predator RSV concentrations, while the reverse 
was true for arsenic, chromium, silver, zinc, and Total PCBs. The avian TEV was taken 
as the greater of the TRV and avian RSV concentration to ensure that PRGs are not set 
to concentrations below regional background values. 

5. Assess CoC exceedences of TEVs to identify “limiting,” pathway-specific 
CoCs for PRG selection. Following the aquatic pathway procedure, the list of L-CoCs 
to be retained as candidate PRGs was derived by intercomparing avian TEV-HQs and 
selecting the CoC with the maximum risk for each station. 

Results of this comparison are presented in Table A-6. Analytes identified as L- 
CoCs include copper, lead, silver, zinc and Total PCBs. These CoCs are identified in 
Table 9 and will be brought forward to Section 3.2 (Avian Predator PRG 
implementation) where a spatial implementation analysis will be used to determine the 
L-CoCs needed for protection of the avian predator exposure pathway. 

2.4. Human Health PRG Derivation 

Chemical-specific PRGs are concentration goals for individual CoCs for specific 
medium and land use combinations at CERCLA sites. Two general sources of 
chemical-specific PRGs for human health are concentrations based on ARARs and 
concentrations based on risk assessment. ARARs include concentration limits set by 
other environmental regulations (e.g., non-zero maximum contaminant level goals 
(MCLGs) set under the Safe Drinking Water Act (SDWA)). The second source for 
PRGs, and the focus of this section, is risk assessment or risk-based calculations that 
set concentration limits using carcinogenic and/or noncarcinogenic toxicity values under 
site-specific exposure conditions. 

7. Pathway identification/Benchmark selection. Findings of the HHRA indicate 
that consumption of shellfish containing elevated CoCs by subsistence fishermen is the 
primary pathway of concern for the Derecktor ShipyardKoddington Cove study area. 
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Hence, the list of benchmarks for human health PRG development focus only on Co& 
in shellfish tissue caught in the vicinity of Derecktor ShipyardKoddington Cove. Four 
indigenous species were used in the Derecktor Shipyard HHRA (BRE, 1998) to 
characterize edible shellfish. This included hard shell clams (Mercenaria mercenaria 
and Pitar motrhuana), blue mussels (A&G/us edulis), and lobster (Homarus 
americanus). The CoCs determined to exceed the carcinogenic effects threshold 
representing a 1 x 10e6 probability of risk included arsenic, benzo(a)anthracene, 
benzo(a)pyrene, dibenz(a,h)anthracene, indeno(l.2.3-cd)pyrene, and Total PCBs. The 
HHRA also found arsenic concentrations in shellfish to exceed the non-carcinogenic 
effects threshold (e.g., Hall). Based on these findings, this exposure pathway was 
evaluated for PRG development. The site-specific benchmarks for shellfish tissue 
residues, called Risk Based Values (RBVs), are derived as described in Step 2, below. 

2. Calculate site-specific no effect threshold concentrations for each CoC- 
receptor pair. Threshold chemical intake rates assumed to be protective of potential 
adverse effects from carcinogenic and non-carcinogenic CoCs were used to determine 
no effect threshold concentrations in shellfish tissue, or RBC. The majority of exposure 
parameters needed for RBC derivation were obtained from USEPA Standard Default 
Exposure Factors (USEPA, 1993e), reported in Table 10. These same exposure 
parameters and values were used in the HHRA. The main site-specific parameter was 
the annual shellfish consumption rate for New Englanders published by Rupp et al. 
(1980). The survey showed the 95th percentile of total shellfish consumption for adults 
in the range of 18 to 65 years of age was 15.6 g/day (Rupp et al., 1980). As had been 
done in the HHRA, it was conservatively assumed that all shellfish consumption by 
subsistence fishermen will occur in Derecktor ShipyardiCoddington Cove. 

The CoC-specific RBC is typically taken as the concentration in shellfish which is 
unlikely to cause adverse health effects, even in sensitive populations (USEPA, ‘I991a). 
For non-carcinogenic CoCs, the RBC representing a baseline (HQ=l) hazard to 
humans from ingestion of CoCs is following USEPA guidance (USEPA, 1989a) as 
follows: 

C, non-carcinogen (mglkg wet tissue) = HI x RfD x BW x AT 
IF x CF x N x EF x ED x RAF 

Where: 
HI = Total Hazard index; ratio of average daily intake level to acceptable daily intake 

level (unitless) 
ADI = Average Daily Intake (mg/kg-day) 
RfD = Reference dose (acceptable daily intake level; mg CoC/kg-day; see Table 11) 
c = Concentration in shellfish tissue (mg/kg) 
CF = Conversion factor (1 kg/l O3 g) 
IF = Intake factor’ (i.e., shellfish consumption rate, g/day) 
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FI = Fraction ingested (i.e., fraction of shellfish ingested) 
EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
RAF = Relative absorption factor (unitless; analyte-specific; see Table 10) 
BW = Body weight (kg) 
AT = Averaging time (days) 

Assuming the reasonable maximum exposure scenario is the reduced form of the 
equation using the site-specific exposure parameters from Table 10 is as follows: 

C, non-carcinogen (mglkg wet tissue) = 4679iA; RfD (,) 

For carcinogenic effects, a concentration range (i.e., the preliminary shellfish 
remediation goal range) is calculated which corresponds to a range between lOA and 
IO” incremental risk of an individual developing cancer over a lifetime as a result of 
exposure to the potential carcinogen from all significant exposure pathways for a given 
medium (USEPA, l991a). This is based on USEPA’s interpretation of the significance 
of the cancer risk estimate as stated in the National Oil and Hazardous Substances 
Pollution Contingency Plan (40 CFR Part 300). 

By setting the total risk for carcinogenic effects at a target risk level of 10e6 (the 
NCP’s point of departure for determination of PRGs), the risk-based shellfish 
concentration (C) is calculated as follows: 

C, carcinogen(mglkg wet tissue) = 
Risk x BW x AT 

SF x IF x CF x Fl x EF x ED x RAF 

Where: 

Risk = 
LAD/ = 
SF = 

The unitless probability of an exposed individual developing cancer 
Lifetime average daily intake (mg/kg-day) 
Cancer slope factor (mg/kg-day)’ 

and remaining exposure parameters are as defined above. The equation shown below 
reflects the use of Reasonable Maximum Exposure (RME) parameters identified in 
Table 10. 

C, carcinogen (mglkg wet tissue) = s;;ol&F (2) 

The above equation is used to calculate CoC-specific threshold tissue residue 
concentrations below which adverse effects on subsistent shellfish consumers are not 
expected to occur. The CoC-specific parameters include RAF and SF values identified 
in Table 10 and Table 11, respectively. 



Table 12 presents the calculated CoC-specific non-carcinogenic (Equation 1) 
and carcinogenic (Equation 2) RBC values assuming the RME exposure scenariio. The 
overall Risk Based Values (RBVs) were taken as the minimum of RBC concentrations 
for each analyte. For comparison, the RBC concentration at I x IO4 is also presented. 
As the RBV values will be compared against dry weight-based reference shellfish 
concentrations for the study area (Table A-2.4) and RBCs are calculated as wet (e.g. 
live) weight concentrations, % solids content (g dry/g live wt) statistics were developed 
for tissue samples to permit conversion of the RBV data to dry weight units. Data 
reported in Table A-2.3 indicates good agreement in solids content for various species 
allowing use of the average of 14% solids content (i.e., 86% water content) for 
conversion of wet weight values into dry weight concentrations. Thus, the RBVs for 
CoCs represent the dry weight shellfish tissue concentrations that are protective of 
subsistent fishermen consuming locally caught shellfish. 

3. Retain CoCs substantially contributing to risk. All CoCs found in 
environmental samples above the RBV (as calculated in Step 2) are retained for further 
PRG derivation. In effect, the HHRA has already performed this calculation and 
identified these CoCs as presenting possible cancer and non-cancer risks although 
here threshold effect concentrations are also presented. A more detailed evaluation of 
the exposure assumptions (e.g., 1 Oq6 vs. 1 OS5 cancer risk assumption) and exposure 
parameters will be performed to assess reasonableness during PRG implementaition 
(Section 3.3). This will afford the opportunity to correct for overly conservative 
assumptions in the risk assessment and incorporate the most recent literature values 
published since the HHRA was completed. 

4. Evaluate the feasibilify of the CoC and pathway-specific no effect threshold 
concentration as a long-term remediation goal. The efficacy of these human health 
RBVs are further evaluated by comparison against human health RSVs derived from 
measured CoC concentrations in mussels and clams collected from reference locations 
(Table 13). These values are carried forward to Table 14, where Human Health TEVs 
(HH-TEVs) are obtained by selecting the greater of the RBV data and the RSV data. 
With the exception of arsenic, the RBV was higher than the reference (RSV) 
concentration. Elevated arsenic concentrations in shellfish tissues was addressed in 
the ERA and attributed to high arsenic in crustal materials typical of the Rhode Island 
formation (see text in ERA Section 4.3.1 .I). 

5. Assess CoC exceedences of TEVs to identify “limiting, v pathway-specifiic 
CoCs for PRG selection. Following the same procedures as employed for the aquatic 
and avian predator exposure pathways, the list of CoCs retained as candidate PRGs for 
Human Health were derived by intercomparing TEV-HQs and selecting the CoC with 
the maximum risk within and among pathways on a station-by-station basis (Table A-7). 
The results indicate that arsenic, benzo(a)pyrene and dibenz(a,h)anthracene are L- 
CoCs for the human health pathway (Table 14). A single occurrence of TEV 
exceedence by dibenz(a, h)anthracene was noted for deployed mussels at off shore 
station DSY-39. Given that this media would not be available to shellfishermen aind 
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that other species collected from this location did not show similar exceedence, this 
analyte was not selected as a L-CoC. The above results demonstrate that relatively 
few CoCs account for the majority of risk in the study area, and further supports the 
selection of L-CoCs as PRGs for risk reduction at the site. 

2.5. PRG Derivation Summary 

The above PRG derivation process has identified pathway-specific L-CoCs and 
media-specific concentrations (TEVs) for protection of aquatic, avian, and human 
receptors. Table 15 presents a summary of maximum observed TEV-HQs observed by 
exposure pathway and station that constitute the list of L-CoCs for PRG 
implementation. Results show that among all the possible CoC candidates, only a 
small number of CoCs for the aquatic, avian predator, and human health observations, 
respectively, had TEV-HQs>l . For the bedded sediment aquatic exposure pathway, 
the two L-CoCs were HMW PAHs and Total PCBs, while arsenic, copper, lead, Total 
PCBs, and o,p’-DDE were identified as L-CoCs during resuspended sediment 
exposure. Additional L-CoCs included copper, lead, silver, zinc, and Total PCBs for the 
avian predator pathway, while arsenic and benzo(a)pyrene were identified for the 
human health pathway with the single exception of o,p-DDE (TEV-HQ = 0.8). The 
same list of CoCs is retained for all pathways combined. 

The above results demonstrate that relatively few CoCs account for the majority 
of risk in the Derecktor ShipyardICoddington Cove study area, and further supports the 
selection of chosen L-CoCs as PRGs for risk reduction at the site. It should be noted 
that the small number of identified CoCs is a reflection of the relative similarity of CoC 
bioavailability and related risk sources across the site. This observation provides some 
assurance that a novel CoC (unique in distribution, concentration or speciation) has not 
been missed and thus wrongly excluded as a L-CoC. 

3. PRG IMPLEMENTATION 

The second phase of PRG development involves a qualitative assessment of the 
practicality for spatial implementation, i.e., whether the spatial implementation of the 
PRG preferentially target areas of higher risk as identified in the Marine ERA 
(aquatic and avian) and HHRA. In this regard, candidate PRG values are “tested” 
through comparison against measured chemical concentrations at the site. This 
requires that the TEV values be translated into sediment based units (PRGs) so the 
available data at the site can be considered with respect to PRG compliance and risk 
reduction (Section 3.1). Subsequently, the relationship among the degree of risk 
reduction achieved in consideration of remediated area is discussed to recommend 
appropriate PRGs from a risk-based perspective (Section 3.2). These 
recommendations are used as input into the FS and resulting risk management 
decisions regarding the setting of Remediation Goals discussed in Section 3.3. 
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3.1. Translation of TEV Values into PRGs 
--“. 

.-x 

3.1 .I. Aquatic PRGs-Calculation Method. 

With respect to the translation of the TEV for porewater and elutriate media back 
to sediment-based concentrations, the primary intention is to derive a PRG number that 
both protects the receptor, and when applied to measured sediment chemistry, rfeflects 
a comparable degree of risk as indicated by the matrix-specific risk indicator 
(i.e., the TEV-HQ). For example, a sediment porewater concentration at a given 
location that is two-fold above the TEV (e.g., TEV-HQ = 2) should ideally have a 
corresponding PRG concentration that, when implemented, will reduce the risk by a 
factor of two (e.g. from PRG-HQ = 2 to a PRG-HQ < 1). Inherent in this application of 
PRGs is the assumption that risk at a given location when expressed as a unitless 
quotient is the same regardless of whether the benchmark is TEV-based or PRG- 
based, thus: 

?*-j PRG-HQ Sta., CoC. Pathway = TEV-HQ Sta., CoC, Pathway (3) 

Where the risk equivalency assumption in Equation 3, the previous statement holds 
true only for a given location, CoC, and exposure pathway. 

i . 

r.-. 

The concept of cross-matrix risk equivalency is not new. This approach, for example, 
was used in the ERA to assess risks as a result of CoCs in tissues 
(from Shepard, 1998) based on WQC, wherein the tissue concentration in the biota 
achieved at the water-based effects threshold (e.g., WQC-chronic) is the relevant 
tissue-based effects threshold because CoCs must reach the site of toxic action 
(e.g., tissues) to exert their effect. Similarly, the degree of risk associated with 
porewater/elutriate concentration of causing the effect in bedded/resuspended 
sediment (i.e., TEV-HQ) must equal the risk associated with bulk sediment 
concentration (PRG-HQ) responsible for generating {via partitioning) that porewater 
concentration: 

--? 

The relationship described in Equation 3 can be used to solve for the Iocation-CoC- 
pathway as follows. Substituting for PRG-HQ: 

FS;] = TEV-HQ (4) 

Given the TEV-HQ and associated sediment concentration ([SED]), the PRG 
concentration can be solved: 

ISedl. = PRG (5) 
TEV-HQ 
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The important feature of this TEV-to-PRG translation method is that the 
measured risk data is used to derive the PRG value, whereas traditionally the EqP 
models would be used to back-calculate PRGs. In some cases, the models may still be 
needed, for example, where characteristics of a particular media sampled at a given 
location (e.g., TOC content of sediment, inert CoC materials such as metal fragments) 
result in an estimated PRG that is outside the expected range about the value at PRG- 
HQ = 1. In these instances, the predicted values can be validated against model 
estimates in relation to the model parameter inputs for the given location and the cause 
for atypical (high or low) PRG values can be isolated. In the present study, the 
procedure described above was used to calculate station-specific PRG estimates from 
which the mean PRG value was taken as the site-wide PRG concentration. Results of 
this process are discussed in Section 3.2. 

3.1.2. Avian Predator/Human Health PRGs- Calculation Method. 

The translation of both Avian Predator and Human Health PRGs require the 
conversion of tissue-based TEVs to sediment-based concentrations. This method of 
translation involves the application of Bioaccumulation Factors (BAFs) for metals and 
Biota-Sediment Accumulation Factors (BSAFs) for organics as discussed in the marine 
ERA (SAIC, 1997). For metals, the sediment-based concentration (pglg gry wt) is 
calculated from the tissue-based TEV concentration according to the formula: 

t3AF = tissue concentration 
sediment concentration 

therefore: 
sediment concentration = - z; 63) 

BAF values for arsenic (0.875), copper (0.33), lead (5.OE-6), silver (6.OE-4), and zinc 
(1.05) were derived in the Marine ERA (Marine ERA Figure 6.3-3). 

For organic CoCs, the corresponding sediment concentration (rig/g dry wt) can 
be estimated from the formula: 

BSAF = tissue concentration I lipid concentration 
sediment concentration / TOC concentration 

therefore: 
sediment cone = TOC cone [T/3/ / lipid cone] 

5SAF 
(7j 
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The site-specific BSAF values for PCBs, PAHs, and pesticides derived in the ERA were 
5.00, 0.12 and 3.85 respectively (ERA Figure 6.3-2). These values were found to 
compare well with literature BSAF values reported by USEPA (EPA, 1998). Also 
assumed for the above calculation is a mean sediment TOC (2.78%; 
Appendix Table A-2.1), and a mean biota lipid (4.59%; Appendix Table A-2.3). 

3.1.3. PRG Calculation Results 

. . 

_---, 

Table 16 presents a summary of calculated PRGs for each of the three exposure 
pathways using methods described in Section 3.1 .I, above. The analyte list includes 
only L-CoCs, i.e., those CoCs identified in Table 15 as having the maximum TEV-HQ 
by station and pathway.. For the aquatic PRGs, the station-specific estimates used to 
derive the site-wide baseline PRG (HQ=l) shown in Table 16 are reported in Table A-8. 
Baseline PRGs for Avian Predator and Human Health pathways were calculated 
directly from the TEV values presented in Table 9 and Table 14, respectively. 

Also included in Table 16 are RPRG concentrations for aquatic, avian, human 
health and combined exposure pathways discussed in the Section 3.3-1, Section 3.3-2, 
Section 3.3-3, respectively based on spatial implementation considerations discussed in 
Section 3.2, below. Baseline PRGs for the combined exposure pathway were taken as 
the minimum of the pathway-specific baseline PRGs. 

3.2. Approach for Spatial lmplementation of PRGs 

Implementation of PRGs to determine areas of potential remedial action requires 
that the CoC data obtained from point samples be assigned to non-sampled locations 
to produce a map of complete spatial coverage. Numerous methods for spatial 
extrapolation of point data to larger areas (such as contouring) have been developed 
for environments and sampling strategies in which the assumptions of continuity 
(e.g., constant CoC dilution with distance) and gradation (e.g., regular spacing of 
sampling locations) are met. In the case of the Derecktor ShipyardKoddington Cove 
study area, these assumptions are not met because of heterogeneous CoC 
distributions and station clustering in focused areas. Thus, for this investigation, a 
method using Thiessen polygons was used as it does not require the presumption of 
continuity in the data (ESRI, 1989). An approach of this type was undertaken during 
the USEPA EMAP Demonstration Study for the Virginian Province (Weisberg et al., 
1993). Here, the Thiessen polygon technique creates irregularly shaped polygons 
around sampled locations with a geometry such that any location in the polygon is 
closer to the sampled point than to any other sampled point. Hence, the concentration 
of the entire polygon is assumed to be equal to the value measured at the sampled 
location within the polygon. 

--.-. The Thiessen polygon model constructed for the Derecktor ShipyardICoddington 
Cove study area is shown in Figure 3.2-l. Geographic Information Systems software 
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(ESRI, 1989) was used for polygon construction and subsequent generation of PRG 
implementation maps. The inshore boundary of the site polygons was established as 
the shoreline at high tide, offshore polygons are unbounded. Shading of polygons 
obtained from PRG implementation will be used to demonstrate the locations in which 
CoC concentration data exceed the PRG (lightly-shaded), hence the area of potential 
remedial action. However, the polygonal area does not necessarily represent the final 
remediation area because the final area will depend on final PRG selection and 
additional sampling to improve spatial resolution. 

Because it is desirable to use as much of the available site-specific data as 
possible to reduce spatial uncertainty, the Marine ERA evaluated chemical and 
biological results at 19 sampling locations throughout the Derecktor 
ShipyardKoddington Cove study area (Stations 25-41) were combined with data from 
24 stations obtained from a previous investigation (URI, 1993), hence accounting for 
the number of polygons shown in Figure 3.2-l. 

Although both the ERA and URI investigations used similar sampling protocols 
and chemical analytical procedures, one notable difference was the depth of sediment 
sampling in the URI investigation (O-2 cm depth) vs. the ERA investigation (O-15 cm 
depth). The potential effect of this sampling variation on data comparability (hence 
usability) was evaluated by comparison of chemical results obtained from closely 
located stations between the two studies. The station pairs included DSY-l/40, 
DSY-l/41, DSY-2/28, DSY-3/29, DSY-10/41, DSY-1 I/31, DSY-18/26, DSY-19/32, 
DSY-20/31, and DSY-21133 (Figure 3.2-l). The Relative Percent Difference (RPD) 
between stations for all stations and measured CoCs was 36%, while the mean RPD 
among PRG analytes for all stations was 47% (Table A-9). However, those stations 
within a proximity of 30 m had about a two-fold reduction in RPD relative to station pairs 
with >30m spatial separation. 

Because the observed variation among datasets is well within the range 
generally considered to be acceptable among field duplicates (i.e., 30-40%), it can be 
concluded that the two data sets are sufficiently comparable to permit the incorporation 
of the URI data set into the PRG assessment. The data would further suggest that 
chemical distributions at the site are fairly homogeneous on the scale of 25-30 m. 
Heterogeneity on smaller scales (e.g., < 25 m) may represent ‘hot spots’ that were not 
detected. Still, the ERA sampling density was intended to characterize chemical risks 
at ecologically significant spatial scales, such that hot spots, if present, are more likely 
of ecological significance as potential CoC sources than for the loss of habitat. 

Results of the Marine ERA have been used to classify the study area polygons 
based on the probability of adverse ecological risk caused by site-related CoCs to 
aquatic/avian aquatic receptors (Figure 3.2-2). The map shows the highest probability 
of adverse ecological risk (,,+++I’) is occurring at harbor-front stations DSY-27 and 
DSY-29 while the lowest probability of risk (“+‘I) was observed for outer cove areas. 
The risk assessment for human health did not provide comparable spatial resolution, 
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but rather concluded that adverse risk to subsistence fishermen due to consumption of 
CoCs in biota does exist within Coddington Cove. Because the implementation of 
PRGs are intended to reduce risk, the spatial distribution of risk should be consiclered 
when evaluating the results of PRG implementation, discussed in the following section. 

3.3. Assessment of PRGs for Risk Reduction 

/ ̂ “. 

i-, 

The assessment of PRG suitability as cleanup goals for the site involve the 
separate evaluation of L-CoCs listed in Table 16 as baseline (HQ=l) concentrations to 
determine the relationship between the degree of PRG exceedence and risk at the site. 
In the following sections, RPRG concentrations for aquatic, avian, and human health 
exposure pathways (discussed in the Section 3.3-1, Section 3.3-2, Section 3.3-3, 
respectively) are proposed that (based on best professional judgment) reflect a risk- 
based perspective on the optimal balance between degree of risk reduction and 
remediated area. These recommended values are further evaluated in the FS with 

jl .~ respect to technical and fiscal constraints of PRG implementation. 

3.3.1. Aquatic Exposure Pathways. 

Bedded sediments. L-CoCs for the bedded sediment exposure pathway 
(Table 16) include HMW PAHs and Total PCBs. 

HMW PAHs. The baseline PRG for HMW PAHs (6951 rig/g dry weight) was 
exceeded at eight shipyard/cove stations (DSY-2, DSY-3, DSY-18, DSY-19, DSY-20, 
DSY-27, DSY-29, and DSY-30; Figure 3.3-l). PRG exceedences were observed 
primarily for the harborfront stations, particularly Stations DSY-3129 where PRG-HQs 
ranged from 4.3 to 10.5 (Table A-IO). Another area in the vicinity of Station DSY-20 
also exceeded the PRG by approximately three-fold, although closely located stations 
did not show similar exceedences (PRG-HQs <I were observed for DSY-1 1 and 
DSY-31). 

Among the stations exhibiting PRG exceedences, only Station DSY-29 was at 
high probability of risk, the extent PRG exceedences at this station (PRG-HQ= 4.3) and 
proximal station DSY-3 (PRG-HQ=10.5) indicate HMW PAHs are a significant source of 
risk. In contrast, the extent of PRG exceedences at low risk probability station DSY-30 
(PRG-HQ = 1.49) are equivalent to that found at high risk Station DSY-27 (PRG- 
HQ=1.47), suggesting that PRG exceedences less than two are likely to preferentially 
address higher risk vs. lower risk areas. Further.support for a RPRG equal to 2 tilmes 
the baseline PRG (13903 rig/g)) is seen in the risWPRG comparison of the Station 
DSY-32 area; this location was classified as low risk while nearby station DSY-19 was 
exceeded the PRG by less than two fold. Similarly, PRG exceedence at Station 
DSY-18 (PRG-HQ = 1.86) is adjacent to intermediate risk station DSY-26 with no PRG 
exceedence (PRG-HQ < 1) such that implementing a PRG-HQ < 2 would not reliaibly 
address intermediate risks. 

i’-- 
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Based on the above analysis of PRG exceedence vs. risk reduction potential, a 
RPRG equal to two times higher than the baseline PRG is selected. The RPRG value 
(13903 rig/g)) was compared to the literature-based effects concentrations as a check 
on the degree of protection that would be afforded to aquatic biota. The RPRG 
concentration was found to be 1.4X higher than the NOAA ER-M ( 9600 rig/g dry weight 
(Long et a/. , 1995)) but 1.2X less than the State of Washington Apparent Effects 
Threshold - Low (AET-L; 17,OOOngIg) concentration (Barrick et al., 1988). Hence, the 
RPRG is within the range of values expected to protect aquatic biota from adverse 
exposures. 

Total PCBs. In contrast to HMW PAHs, the PRG for Total PCBs 
(1638 rig/g dry wt) was exceeded only at Station DSY-27 (Figure 3.3-2). In contrast, the 
lack of PRG exceedences for this CoC at all other sampled locations suggests that risks 
due to PCBs are not widespread, and implementation of a lower PRG value is not 
needed. Still, this station was identified as high risk in the Marine ERA, and thus 
implementation of the RPRG at a PRG-HQ = 1 concentration is recommended to 
address risk at this location. 

The RPRG concentration (1638 rig/g)) is nine-fold higher than the NOAA ER-M 
(180 rig/g dry weight), but is intermediate between the AET-low (1000 rig/g dry) and 
AET-high (3100 rig/g dry) benchmarks and about 1.5X lower than the Sediment Effect 
Concentration of 2700 rig/g calculated by MacDonald (1994) based on a PCB-spiked 
sediment bioassay. Thus the RPRG is within the range of independent estimates of 
threshold effects levels for aquatic biota. 

It is also of interest to note that the corresponding TEV value for Total PCBs was 
set equal to the WQC-SC value (0.03 pg/L) without site-specific modification (Table 7) 
such that there would appear to be a discrepancy between the level of protection 
afforded by water- vs. sediment-based benchmarks, with the latter being overly 
conservative. This is attributed to the fact that the sediment benchmarks are field- 
based and correlative in nature, i.e., reflective of effects caused by complex mixtures of 
CoCs, not PCBs acting alone. In this case, the sediment-based PCB benchmark is 
artificially lowered because the presence of other CoCs in the mixture which will cause 
the sample to be more toxic than would otherwise occur in the PCB-only case. In 
contrast, the WQC is based solely on PCB toxicity. Thus, the baseline PRG value, 
being set equivalent to the WQC-SC concentration, is expected to be completely 
protective of risks to aquatic biota from PCB exposure in sediment. It is also noted that 
the TEV value (i.e., 0.03 ug/L) is 300X less than the WQC-SA criteria (10 ug/L), and in 
contrast to the WQC-SA, the WQC-SC was selected for protection of birds not aquatic 
biota. Hence, the comparability of sediment benchmarks (ER-UER-M values aside) 
with the PRG calculated from WQC suggests that the RPRG should be adequately 
protective of aquatic receptors. 

Overall Assessment. From the above comparison of PRG exceedences with 
observed risk at the site, PRG-HQs above two were observed for both high risk 
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locations determined by the Marine ERA (Figure 3.2-2). Hence, adopting a RPRG of 
13903 rig/g for HMW PAHs and 1638 rig/g for PCBs would ensure risk reduction at the 
two high risk areas for the site. A summary of areas exceeding the RPRG threshold is 
shown in Figure 3.3-3. Below these PRG-HQ thresholds, there was a poor correlation 
between the degree of risk reduction achieved by adopting lower PRG-HQ thresholds 
(i.e., PRG-HQ=l for HMW PAHs) and the potentially affected area. As a result, PRG 
thresholds could not be discerned which could discriminate between intermediate or 
lower risks. Hence, adopting PRG concentrations below the recommended values 
would not appear supportable from a risk reduction perspective. 

Resuspended Sediments. L-CoCs for resuspended sediments include arsenic, 
copper, lead, Total PCBs and o,p’-DDE. 

c.... Arsenic. Although TEV-HQ exceedences for arsenic were observed at two 
locations (DSY-38: TEV-HQ=l .Ol; DSY-39:TEV-HQ = 1.88) the poor proximity 
between the location of exceedences and lack of associated risks indicated that arsenic 
was a poor candidate for PRG selection. Application of the baseline PRG (24.6 big/g) 
against sediment concentrations revealed PRG-HQ (Table A-l 0). Hence, as shown in 
Table 16, the implementation of a RPRG for this analyte is not recommended. 
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For copper, a TEV-HQ= 1.76 at Station DSY-31 was found basecl on a Copper. 
concentration of 5.1 pug/L measured in the elutriate sample. Following the methodology 
for PRG translation from TEVs, the PRG-HQ=l concentration of 74 pg/g dry wt was 
calculated and the spatial implementation of the sediment PRG is found in Figure 3.3-4. 
While several stations had sediment concentrations above the PRG, a number of these 
locations had non-detectable elutriate Cu concentrations (e.g.,Station DSY-27 and 
DSY-29) such that it is clear that the predicted exceedences are erroneous. Thi:s is 
consistent with the fact that copper concentrations at DSY-27 and DSY-29 are not high; 
measured bulk concentrations were marginally above the ER-L and SEM-AVS was c 5, 
indicating that metals including copper are not at concentrations high enough to 
contribute significantly to risk. The lack of measured copper in elutriates is also 
consistent with the low/non-bioavailable concentrations in sediments evaluated for the 
ERA. Two additional URI stations (DSY-2 and DSY-3) did have Cu concentrations in 
sediment higher than was observed for ERA locations, but the increase was marginal 
(less than two-fold) and hence aquatic biota would be presumed to be at minimal risk 
due to Cu in resuspended sediments. Hence, the data demonstrate that copper is not 
a primary contributor to risk and thus retaining a PRG for remediation of sediments 
subject to resuspension is not recommended (Table 16). 

Lead The PRG for lead (84 pug/g dry weight) was exceeded at five stations , . 
(DSY-2-Y-3, DSY-27, DSY-29, and DSY-32; Figure 3.3-5; Table A-IO). 

r-.- In the ERA exposure response relationships between benthic community 
(% dominant taxa) and Pb concentration in sediments suggest possible impact above 
about 150 ,ug/g (ERA Figure 6.5-l). The ordinance analysis (ERA Figure 6.5-4D) also 
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suggested that Pb at DSY-29 may explain the degraded conditions at this location. 
Hence, implementing a PRG for Pb would appear to be warranted to achieve risk 
reduction at this area. 

In contrast to Station DSY-29, there was no evidence of Pb effects at the other 
high risk station (DSY-27) or any other stations from exposure-response analyses 
presented in the ERA. Since there was no apparent effect of Pb at DSY-27, a PRG for 
Pb should not be set to concentrations below that observed at DSY-27. Given that the 
DSY-27 (no effect) and DSY-29 concentrations are 150 and 185 pug/g, respectively, an 
intermediate PRG of 166 ,ug/g (2X baseline PRG) would appear to be adequately 
conservative to protect risk to aquatic biota such as was observed at DSY-29. This 
recommendation is consistent with the observation that tissue residues of Pb in biota at 
these locations are not elevated relative to reference (see ERA Figure 4.3-8 to Figure 
4.3-10) . 

Total PCBs. The PRG for Total PCBs (530 rig/g dry weight) was exceeded at 
four stations (DSY-3, DSY-1 1, DSY-27 and DSY-29; Figure 3.3-6). Good agreement 
was found between observed risk and PRG exceedence; the highest PRG-HQ (6.25) 
occurred at high risk Station DSY-27. Sediment PCB concentration at DSY-27 was 
3310 rig/g dry wt, which is six-fold higher than the next highest surface sediment 
concentration (DSY-29). Reduced condition of indigenous mussels at DSY-27 was 
associated with increased tissue PCB concentration (ERA Figure 6.5-5) and possible 
PCB effects on for amphipod survival were noted (ERA Figure 6.4-2B), hence 
supporting the selection of Total PCBs as a PRG to address risks at this location. 

Station DSY-29 was also a high risk area with a marginal PRG exceedence 
(PRG-HQ = 1.03). However, unlike Station DSY-27, PCBs effects at Station DSY-29 
were not indicated in exposure-response analyses for amphipod survival (ERA 
Figure 6.4-2) or benthic community structure (ERA Figure 6.5-3D). Thus, there’is a lack 
of supporting data to suggest that implementation of a PRG for PCBs is needed to 
address risks at Station DSY-29. Instead, risks are more likely related to other CoCs, 
notably Pb (see discussion above). 

As with lead, PCB PRG thresholds below PRG-HQ < 2 could not be discerned 
which could discriminate between high and low risks, and thus adopting a PRG 
concentration below 1060 rig/g is not recommended, whereas adopting a RPRG at 
1060 rig/g would conservatively ensure risk reduction in one of the high risk areas. 
While the RPRG is well above the NOAA ER-M (180 rig/g dry weight), the value is 
comparable to the State of Washington AET-low (1000 rig/g dry) and well below the 
AET-high (3100 rig/g dry) benchmarks. Thus the RPRG is within the range of 
independent estimates of protective threshold effects levels for aquatic biota. 

O.&-DDE. A single exceedence of the PRG value for o,p’-DDE (9.06 rig/g)) was 
observed for Station DSY-27 (PRG-HQ = 7.2, Table A-10). Although this station is one 
of two high risk areas identified in the Marine ERA (Figure 3.2-l), the corresponding 
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TEV-HQ for this station (TEV-HQ = 0.78, Table A-5) was below the presumed t:hreshoId 
for aquatic risks. The CoC was retained as a L-CoC only to permit a more thorough 
evaluation of all sediment data available, and in doing so, facilitate the detection of any 
locations where this CoC might be a primary risk driver to the maximum extent possible. 
Given that no other location contained sediment concentrations above the PRG, it is 
recommended that this CoC not be retained as a PRG. 

Resuspension Evaluation. The ERA concluded that there exists considerable 
uncertainty as to whether short term risks during resuspension events would actually 
occur to produce exposure concentrations equivalent to I:4 dilution used in elutriate 
exposures (corresponding to g/L total suspended solids concentrations). Two 
scenarios which have been proposed include 1) prolonged resuspension of sediments 
in shallow water due to severe storm events, and 2) short-term, high scouring events 
caused by propellor wash from large vessels during docking maneuvers. A preliminary 
spatial assessment of these scenarios is presented below. 

-. 7 

.% 

-i 

Wind and wave action during storms in addition to the prevailing current are 
expected to have a dominant influence on patterns of sediment resuspension. ‘These 
forces are expected to be particularly important for fine grained sediments whiclh 
resuspend most easily and generally contain the highest bulk concentration of 
contaminants. Geotechnical and hydrodynamic studies of Coddington Cove conducted 
as part of the ERA provide insight as to the distribution of such sediments and the 
background currents to which they are exposed. From the analysis of cove bathymetry 
(ERA Figure 3.1-2) grain size distribution (ERA Figure 4.2-5) and near-bottom 
deposition/erosion energies (ERA Figure 4.2-17) the area of the cove most likely to 
contain silt/clay (c 0.8 mm diameter) sediments available for resuspension are generally 
restricted in water depths less than 7m (Figure 3.3-8). This zone includes bottom 
sediment throughout much of southern Coddington Cove, the eastern and northern 
portion of the cove out to 150-200 m. Resuspension of sands is also possible due to 
storms and/or vessel activity, however this CoC transport pathway should be 
considered to be of minor concern relative to fine grained sediments because of the 
generally lower CoC concentrations found in sandy sediments. Hence, as a rough, 
worst-case approximation, sediments above RPRGs within this zone could adversely 
effect biota depending upon the strength and duration of the resuspension event. 
Given the considerable uncertainties about the delineation of this zone and nature of 
actual resuspension conditions (location, intensity), a more detailed study of actual 
resuspension events are strongly recommended if concern over resuspension is the 
primary motivation for remedial action. 

The effect of large vessel propellor turbulence as a cause of sediment 
resuspension (i.e., “prop scour”) has been investigated by a number of authors, most 
recently by Maynord (1998). This USACE study was conducted to validate earlier 
models developed to simulate prop scour and hence predict stability of waterway 
channels to erosion from ship traffic. The study found good agreement betweerl 
predicted and measured bottom velocity (VJ currents for the model: 



V, = (Cj * Vj * D,)/H, (8) 

where Cj = constant for a ducted propellor, Vj = jet velocity at surface created by a 
docked vessel in gear at high RPM, D, = propellor diameter, and H, = height of propellor 
shaft above bottom. For Derecktor Shipyard, worst-case conditions for prop wash 
would appear to exist for vessel tenders that may frequently escort larger vessels into 
the pier. Larger vessels, such as offshore Coast Guard vessels, are presumed to only 
infrequently dock or may only do so with vessel tender assistance hence, as a less 
likely contribution to overall resuspension in the Cove. Substituting representative 
characteristic of vessel tenders (Cj = 0.3, D, = 1 m) and moderately high RPM 
operations (Vj = 3 m se&), and bottom currents typical for Coddington Cove 
(V, = 0.1 m se&, ERA Figure 4.2-12B), the water depth (-H,) at which the prop wash 
current is no greater than the ambient current can be determined: 

H, = (Cj * Vj * D,)N, (9) 
= (0.3 * 3 * 1yo.1 

=9m 

Adding 1 m for vessel draft, this result suggests that wherever the water depth in the 
cove is greater than 10 m, the contribution of propellor current to the bottom flow is no 
greater than the ambient current. 

This first order approximation is translated into a prediction of bottom area 
potentially affected by prop wash produced by vessel tenders (Figure 3.3-8) and 
accordingly, potentially the resuspension of contaminated sediments above PRGs 
which could adversely effect biota. The map shows the 10 m bathymetry contour; 
bottom areas in cl 0 m water depth may be subject to prop wash from vessel tenders 
while maneuvering deeper draft vessels. It should be noted that water depth will also 
limit the operational area and thus the locations where prop wash scouring might occur. 

The above analysis was intended to provide a conservative, yet realistic 
assessment of bottom areas frequently affected by prop wash. Of course, more 
conservative assumptions (larger vessels, higher RPM operations) would lead to 
potential resuspension at greater water depth. As discussed for storm resuspension, 
there are large uncertainties about the delineation of this zone and nature of actual 
resuspension conditions (location, frequency) that might occur. Finally, as noted in the 
ERA, it is unlikely that the intensity of resuspension would come close to the high slurry 
concentration represented as by I:4 dilution used to prepare sediments for testing the 
toxicity of elutriates. More detailed studies of actual prop wash events are strongly 
recommended if concern over resuspension is used as the primary motivation for 
remedial action. 

Overall Assessment. Based on the above information, it is recommended that 
sediment concentrations of 168 lug/g and 1060 rig/g respectively be adopted for lead 
and Total PCBs for the resuspended sediment exposure pathway since good 
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correspondence was observed between areas exceeding PRGs and areas of high risk. 
A summary of areas exceeding the RPRG threshold is shown in Figure 3.3-7. lJnlike 
bedded sediments, however, it is difficult to independently assess the level of protection 
afforded by the RPRGs since benchmarks for resuspended sediments are not 
available. In addition, it is unclear whether the high risk areas identified in the ERA 
were due to exposures from bedded or resuspended sediments, or both. It is of interest 
to note that based on present data, areas exceeding resuspension PRGs are a subset 
of the total area above the bedded PRG, such that addressing bedded risks will rectify 
resuspension risks as presently delineated. Finally, the likelihood of resuspensiion does 
vary spatially within the cove and is dependent on the source of resuspension energy 
(wave action vs. ship traffic). Information on the active intensity, frequency and duration 
of such events will be required to effectively implement PRGs for protection of aquatic 
biota based solely from resuspended CoCs. 

3.3.2. Avian Predator Exposure Pathway. 

,  -  . , ”  For the avian predator exposure pathway, five metals (arsenic, copper, lead, 
silver, and zinc) and Total PCBs were identified as L-CoCs and thus are included as 
candidate PRGs in Table 16. Sediment-based PRGs for the metals were back- 

,- ._ calculated using the BAF-based model (Equation 5), while for Total PCBs the BSAF 
model was used (Equation 6). 

Metals. Among the metals, sediment concentrations of arsenic did not exceed 
the PRG at any location (Table A-l 1). Copper also exceeded the PRG at two locations 
(Stations DSY-2 and DSY-3; Figure 3.3-g), with PRG-HQs ranging from = 1.07 to 1.43. 
Zinc was above the sediment PRG at 21 stations with PRG-HQs ranging from = 1 .O to 
10.4 (Figure 3.3-10). Among these two CoCs, only five stations had PRG-HQs :> 2 
(DSY-2, DSY-3, DSY-1 1, DSY-27, and DSY-29). PRGs were not exceeded for the 
remaining metal-related L-CoCs (lead and silver). 

r-s, 

In the Marine ERA, generally intermediate risks to avian predators were alssigned 
to Stations DSY-28, DSY-29, and DSY-36, while slight risks were apparent elsewhere, 
including reference locations (SAIC, 1997; Table 6.6-3). Although there is an apparent 
concordance between PRG exceedence and observed risk including areas represented 
by Station pairs DSY-2/DSY-28 and DSY-3/DSY-29, implementation of remedial action 
based on this PRG does not appear warranted given the limitation of the conservative 
exposure assumptions in the ERA and subsequent conclusion that CoCs in Coddington 
Cove do not likely pose an unacceptable risk to avian receptors (ERA Section 6.3). 
Thus, despite the fact that PRGs were exceeded, the avian predator would have to 
spend its entire life feeding in the affected area for true risks to occur. This overlly 
conservative assumption leads to the recommendation that the PRGs for risk reduction 
for the avian aquatic exposure pathway metals not be adopted at this time except 
perhaps for purposes of monitoring to ensure continued lack of significant risks via food 
chain transfer from prey species to aquatic predators. 
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Total PCBs. PRGs for Total PCBs were exceeded at 24 stations 
(Table A-l 1; Figure 3.3-l I), with PRG-HQs ranging from 1 .O (Station DSY-21) to 35.7 
(Station DSY-27). Among these locations, only four stations exhibited PRG-HQs > 5 
(DSY-3, DSY-11, DSY-27, and DSY-29). As noted above for metals, intermediate risks 
were assigned to avian predators feeding at Stations DSY-28, DSY-29, and DSY-36. 
The agreement between PRG exceedence and observed risk included areas 
represented by Station pairs DSY-28 (PRG-HQ=1.45, Table A-l IA and A-l 1 B) and 
particularly DSY-29 (PRG-HQ=35.9), might ordinarily suggest implementation of 
remedial action, but because of the conservative exposure assumptions unacceptable 
risk to avian receptors due to PCB exposure is unlikely. 

An additional consideration for the indirect effects that PCBs might have on 
avian predators through reduction in the supply food from PCB-sensitive species. The 
maximum predicted porewater concentration of PCBs was found at Station DSY-27 
(0.027 ug/L) is slightly below the USEPA WQC-SC value (0.03 us/L), but is nearly 
1500-fold lower than the measured Aroclor-1254 LC,, for the amphipod, Ampelisca 
abdita (40 pg/L; Ho et al., 1997) used in the ERA and found to exhibit slight toxicity 
when exposed to sediments from this location. Hence it is unlikely that PCBs in 
Derecktor Shipyardlcoddington Cove would impact avian predators through reduction 
in their food supply. Thus, as shown in Table 16, a PRG for Total PCBs to protect the 
avian predator exposure pathway is not recommended for implementation. 

3.3.3. Human Health Exposure Pathway. 

The L-CoCs identified for protection of risks to subsistence fishermen from 
consumption of shellfish were arsenic and benzo(a)pyrene (Table 16). Baseline PRGs 
presented in Table 16 represent threshold concentrations for protection of carcinogenic 
effects at 1 x 1 Oe6 risk and non-carcinogenic risks at HQ=l. However, there is a high 
probability that the exposure scenario is overly conservative (a subsistent fisherman is 
not likely to derive all seafood exclusively from Coddington Cove for 30+ years, nor 
could the cove support such intensive pressure from a subsistence population). 
Perhaps a more plausable (yet conservative) assumption is that the shellfishing 
population might rely on the cove for up to 10% of the amounts noted in Table 10, such 
that 10 times the PRG-HQ threshold is a realistic point of departure for assumption of 
possible adverse health effects due to shellfish consumption. With this assumption in 
mind, the PRGs were evaluated below at PRG-HQ = 1 and at 10 times the PRG-HQ 
thresholds. 

Arsenic. Arsenic was identified as a L-CoC for protection of risks to human 
health exposure from consumption of shellfish (Table 16). While arsenic 
concentrations marginally exceeded the TEV (TEV-HQ < 2, Appendix Table A-7), the 
corresponding PRG-HQs were all less than unity (Appendix Table A-12). This 
discrepancy is attributed in part to uncertainty in the BAF factor for arsenic used to 
calculate the sediment PRG (19.7 lug/g) from the tissue-based TEV value. However, 
any overlooked risk because of the BAF limitation would appear to be outweighed by 
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the fact that the true risk to arsenic may be overestimated by an order of magnitude 
since the toxic fraction (i.e., the organic component) is typically about 10% of the total 
arsenic content (USFDA, 1993). Further, a review of the literature regarding the 
methodology used to derive the TRV value (extrapolated from mice), reveals that the 
route of exposure evaluated was arsenic in drinking water, and since arsenic w#as 
administered in soluble form, it is likely to be far more bioavailable than arsenic bound 
to sediment particles. Finally, arsenic risks are unlikely to be significant as all areas of 
the cove had sediment concentrations well below the baseline PRG. 

Based on the above data, it is recommended that an arsenic value not be 
selected as a Final Remediation Goal, but monitoring for organic arsenic concentrations 
should be performed at least once to confirm that bioavailable concentrations alre below 
toxic levels. Revision of the PRG list could occur pending outcome of the monitoring 
results. 

BenZO(a)DVrene. Benzo(a)pyrene was also identified as a L-CoC for protection 
of risks from consumption of shellfish (Table 16). The sediment-based PRG 
concentration at PRG-HQ=l (53.9 rig/g dry wt) was exceeded at 34 of 41 stations 
(Appendix Table A-12; Figure 3.3-12). The areas with highest PRG-HQs (HQs > 10) 
were confined to the nearshore areas including Stations DSY-2, DSY-3, DSY-18, 
DSY-20, DSY-27, DSY-29, and DSY-30. Much of the area exceeding the PRG-,HQ=lO 
threshold are not fishable due to industrial/military activity in the shipyard/cove 
(approximately all areas between and eastward of the piers and dock areas shown in 
Figure 3.3-l 2). Perhaps the area represented by polygons around Stations DSY-18 
and DSY-30 may be fishable and PRGs could be implemented in some manner to 
guard against adverse risk from shellfish consumption. It is recommended that the 10 
X PRG concentration (535 rig/g dry weight) be adopted given the conservative nature of 
the subsistence fishermen scenario, but a careful cost/benefit analysis (including more 
detailed delineation of the affected area) should be conducted to weigh the advantages 
of risk reduction against the disruptive nature of remediation. 

Summarv. A summary of areas exceeding the RPRG for benzo(a)pyrene 
(539 rig/g dry weight) threshold is shown in Figure 3.3-13. Based on present data, it is 
unlikely that the shellfishing population is substantially at risk since fishable areas 
above RPRG concentrations are limited and would not be expected to support a 
subsistence fishing population. However, it would seem reasonable to monitor for this 
CoC to confirm that harvested shellfish remain below toxic levels. 

4. CONCLUSIONS~RECOMMENDATIONS 

The PRG development strategy for the Derecktor Shipyard/ Coddington Cove 
study area was developed in a manner consistent with site ARARs and has identified 
RPRGs that are consistent with the findings of the risk assessments. The magniitudes 
of the PRGs are generally comparable to correlative benchmarks which increases the 
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certainty that minimal residual risk associated with the CoCs will remain when the PRGs 
are implemented. 

The RPRG concentrations identified in Table 16 for aquatic, avian, and human 
health exposure pathway are listed for consideration as Final Remediation Goals 
(pending further evaluation in the FS). These values may differ from concentrations 
assumed to represent the baseline risk condition (i.e., PRG-HQ=l) because of the need 
to ensure that the PRG implementation leads to effective and practical risk reduction; 
selecting all PRGs or remediating to baseline concentrations would affect nearly all of 
Coddington Cove (light and densely shaded areas of Figure 3.3-14; Table A-13), and 
thus does not appear to provide an optimal balance between the degree of risk 
reduction achieved and potential environmental impacts that would occur on adjacent 
areas during the remediation process. In contrast, the RPRG concentrations are based 
on interpretation of the data in light of observed distribution and severity of estimated 
risks at the site; high and some intermediate risk areas are addressed (densely shaded 
areas noted B or R in Figure 3.3-14) while simultaneously, a number of areas above 
RPRG concentrations for human health are also included (densely shaded areas noted 
H in Figure 3.3-14). Other considerations presented in FS report regarding cost and 
engineering constraints may also modify the Final Remediation Goals to be adopted by 
risk managers. 

Depending on the nature of the remedial action, a PRG list based on a combined 
pathway analysis may be suitable. It is acknowledged that the spatial resolution of the 
analysis depends on the density of stations within the study area. Some areas which 
might require remedial action may presently be depicted larger than they actually are, 
and thus will require confirmation sampling during the pre-design investigation in order 
to reduce uncertainty and to better define the extent of the areas to be remediated. 
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Figure 2.2-l. Water quality screening value selection process 
and associated data qualifiers. 
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Figure 3.2-l. Thiessen polygons for PRG implementation for the Derecktor Shipyard/ 
Coddington Cove study area. 

’ indicated polygonal area does not necessarily 
epresent the final remadiation area; final area 

PRG selection and additional 
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Figure 3.2-2. Risk probability for the Derecktor ShipyardEoddington C&e study area. 
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Figure 3.3-l. Summary of CoCs exceeding PRGs for protection of aquatic biota by 
location for sediments in the Derecktor ShipyardKoddington Cove study area:* 

Bedded Sediment Exposure Pathway for HMW PAHs 
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Figure 3.3-2. Summary of CoCs exceeding PRGs for protection of aquatic biota by 
location for sediments from the Derecktor ShipyardEoddington Cove study area:* 

Bedded Sediment Exposure Pathway for Total PCBs 
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Figure 3.3-3. Summary of CoCs exceeding aquatic PRGs by location for sediments from the 
Derecktor ShipyardEoddington Cove study area:* 
Recommended PRG Implementation for the Bedded Sediment Exposure Pathway 

l Sediment Sample 
1 Thiessen Polygons 

@Jj$ Rec. PRG (RPRG) Exceeded 

HMW PAHs (RPRG = 13903 rig/g)) 
DSY-2: 63994 nglg 
DSY-3: 72956 nglg 
DSY-20: 20406 nglg 
DSY-29: 30118 nglg 

Total PCBs (RPRG = 1638 rig/g)) 
DSY-27: 3310 nglg 

16 

* indicated polygonal area doas not necessarily 
represent the final remadiation area; ; final area 
dependent on PRG selection and ad ldional 
spatial resolution. 

400 800 Meters 



Figure 3.3-4. Summary of CoCs exceeding PRGs for protection of aquatic biota by 
location for sediments from the Derecktor ShipyardKoddington Cove study area:* 

Resuspended Sediment Exposure Pathway for Copper 
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Figure 3.3-5. Summary of CoCs exceeding PRGs for protection of aquatic biota by 
location for sediments from the Derecktor ShipyardKoddington Cove study area:* 

Resuspended Sediment Exposure Pathway for Lead 
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Figure 3.3-6. Summary of CoCs exceeding PRGs for protection of aquatic biota by 
location for sediments from the Derecktor ShipyardEoddington Cove study area:* 

Resuspended Sediment Exposure Pathway for Total PCBs 
- 
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Figure 3.3-7. Summary of CoCs exceeding aquatic PRGs by location for sediments from the 
Derecktor ShipyardEoddington Cove study area:* 

Recommended PRG Implementation for the Resuspended Sediment Exposure Pathwav 

l Sediment Sample 
) Thiessen Polygons 
$JJJ Rec. PRG (RPRG) Exceeded 

Lead (RPRG = 167.9 ug/g) 
DSY-2: 181 uglg 
DSY-3: 201 uglg 
DSY-29: 186 ug/g 

Total PCBs (RPRG = 1060 rig/g)) 
DSY-27: 3310 nglg 

-13 
* indicated polygonal area does not necessarily 
represent the final remadiation area: final area 
dependent on PRG selection and additional 
soatial resolution. 
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Figure 3.3-8. Bathymetry of Coddington Cove, NETC Newport, RI and the inferred zone of 
potential sediment resuspension. 

c_] Resuspension zone (< 7 m) 



Figure 3.3-9. Summary of CoCs exceeding PRGs for protection of avian predators by 
location for sediments from the Derecktor ShipyardEoddington Cove study area:* 
Avian Predator Exposure Pathway for Copper 
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Figure 3.3-10. Summary of CoCs exceeding PRGs for protection of &vian predators by 
location for sediments from the Derecktor ShipyardEoddington Cove study area:* 
Avian Predator Exposure Pathway for Zinc 
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Figure 3.3-l 1. Summary of CoCs exceeding PRGs for protection of avian predators by 
location for sediments from the Derecktor ShipyardEoddington Cove study area:* 
Avian Predator Exposure Pathway for Total PCBs 
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Figure 3.3-12. Summary of CoCs exceeding PRGs for protection of human health by 
location for sediments from the Derecktor ShipyardlCoddington Cove study area:* 
Human Health Exposure Pathway for Benzo(a)pyrene 

- 
- 

l ‘drment Sample 1: - ’ ’ - ’ ’ 
g Thiessen Polygons . . . n . . .\ 
Benzo(a)pyrene PRG-HQ : : : : : . . . 
I-Y-J <I . . . . . . . . 

. . . . . . . . . 

. . . . . . 
- I 

iSo(a jpyrene . . . 
DSY-1 : 3.06 \ . . . . . . . . . . 
DSY-2: 62.02 . . . . . , . . . . . 

.., . . . . . . . . 
DSY-3: 87.98 . . . . . . . . . . 

\ 
. 

DSY-4: 8.06 . . . . . . . . . . . 
DSY-5: 7.51 
DSY-6: 9.12 
DSY-7: 5.64 
DSY-8: 8.98 
DSY-1 1: 3.85 
DSY-12: 4.65 

. . . . 
’ '16 * ’ ’ . . . . . .* . . . . . 

. . . . . . . . . . . 

. . . . . . . . . . . 

DSY-15: 4.58 
DSY-17: 5.80 
DSY-18: 22.23 
DSY-19: 9.27 
DSY-20: 16.44 
DSY-21: 2.05 
DSY-22: 3.40 
DSY-23: 4.47 
DSY-24: 1.02 
DSY-25: 7.39 
DSY-26: 8.11 
DSY-27: 17.26 
DSY-28: 7.05 
DSY-29: 44.46 
DSY-30: 15.16 
DSY-31: 7.86 
DSY-32: 9.24 
DSY-33: 1.27 
DSY-34: 2.76 
DSY-36: 5.97 
DSY-37: 3.06 
DSY-38: 2.24 
DSY-39: 2.67 
DSY-40: 5.91 

- 
. . . . . . \ . 

. . 

. . 

. * 

. . 

. . 
. . .\ 
. . . . 

. . 

. . 

. . 

. . 

. . 

. . 
\ . . 
. . . 
. . . . . . . . 

. . . . 

. , . . 

. . . . 

. . 

. . 

. . 

. . : . . . . . 

i-di~~ed:~~o-al:a;ea’dd- nit ~@e&$ily : : : . . . 
qreg+t $e. fi~al~rem+iiHti+ area:.final.arpa. 
ependyt.on P.RG ~l&~a~dadcli~o~al~ . : : : : : : . 
Pa@ e+i%. . . . . . . . . . . . . . . . . . . . 
. . - . . . . . . . . . . 

400 800 Meters 



Figure 3.3-13. Summary of CoCs exceeding human health PRGs by 
location for sediments from the Derecktor ShipyardKoddington Cove study area:* 
Recommended PRG Implementation for the Human Health Exposure Pathlway 

7 

l Sediment Sample 
/ Thiessen Polygons 
@Jj Rec. PRG (RPRG) Exceeded 

Benzo(a)pyrene (RPRG = 539 nglg) 
DSY-2: 3320 rig/g 
DSY-3: 4710 rig/g 
DSY-18: 1190 rig/g 
DSY-20: 880 nglg 
DSY-27: 924 rig/g 
DSY-29: 2380 nglg 
DSY-30: 812 nglg 

.I6 

l indicated polygonal area does not necessarily 
represent the final remediation area: final area 
dependent on PRG selection and additional 
spatial resolution. 

800 Meters 



Figure 3.3-14. Summary of PRG exceedences by pathway for Derecktor ShipyardEoddington 
Cove study area. 

. Sediment Sample 
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r3 
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B = Aquatic Bedded 
R = Aquatic Resuspended 
H = Human Health 
A = Avian 
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Table 1. Potential Remedial Action Objectives for the Derecktor Shipyard/ 
Coddington Cove study area. 

Media/Receptor 

Aquatic Organisms 

= 
Remedial Action Objectives (RAOs) 

l Prevent exposure of aquatic organisms to bedded (in = 
place) sediments with CoC concentrations exceeding 
the recommended PRGs. 

Avian 

Human Health 

. Prevent exposure of aquatic organisms to sediments 
with CoC concentrations exceeding the recommended 
PRGs and that are present within areas where 
resuspension could occur. 

l Prevent exposure of avian predators to shellfish that atr 
impacted by sediments with CoC concentrations 
exceeding the selected PRGs and are within areas where 
shellfish predation could regularly occur. 

l Prevent human ingestion of shellfish that are impacted F 
sediments with CoC concentrations exceeding the 
selected PRGs, and are within areas where shellfishing 
could regularly occur. = 



Table 2. Chemical-specific ARARs for the Derecktor ShipyardKoddington Cove study area. 

Federal Resource ConSeNation and 

Recovery Act (RCRA), Subpart F (40 CFR 
264.94). Ground-Water Protection Standards 
and Alternate Concentratron Levels. 

Federal Clean Water Act (CWA) (33 USC 
1251-1376): Clean Water Act, Water Quality 
Critena. Section 404 (40 CFR 230) 

Federal Safe Drinktng Water Act 

xface Water 

(Federal) Federal Clean Water Act (CWA) (33 USC 
1251-1376): Clean Water Act, Water Quality 
Criteria, Section 404 (40 CFR 230) 

0ilWediment 
(Federal) Toxictty Charactenstic (40 CFR 261-24) 

Land Disposal Restrictions (40 CFR 266) 

Toxic Substances Control Act (TSCA) (40 
CFR 761.125) 

EPA Proposed Sediment Quality Crltarla 
(Fed. Reg. Vol. 59. No. Il. 18 January 1994 

EPA Interim Sediment Critena Values for No 
Polar Hydrophobic Organic Contaminants 
(EPA SCC#17 May 1966) 

Interim Guidance on Establishing Soil Lead 
Cleanup Levels at Superfund Sites (OWSEP 
9355.4-02) 

Sroundwater 
(State) Rules and Regulations for Groundwater 

Quality Criteria (CRIR No. 12-100-006) 

Groundwater Protection Act of 1985 (RIGL 41 

Rules and Regulations for Groundwater Rules and Regulations for Groundwater 
Quality Criteria (CRIR No. 12-100-006) Quality Criteria (CRIR No. 12-100-006) 

Water Quality Regulations for Water Pollulia 

Rules and Regulations for Lead Poisoning 

RI Hazardous Waste Management Act of 

1967 (RIGL 23-19.1 et seq.) 

Rules and Regulations for Solid Waste 
Management 

) STATUS SYNOPSIS 
I I 

To Be Allows for the development of ACL for facilities which Although currently undeveloped, ACL for groundwatel 
:onsidered treat, store. or dispose of hazardous wastes when the may be relevant and appropriate to the development 

characteristtcs of the ground water (e.g. high saknity) of site-specific PRGs. 
limit the application of MCLs or health-based criteria. 

Exposure-based ACL may be developed which take 
into account potentially adverse effects on 
groundwater quality and hydraulically connected 
surface water quality. 

To Be Non-enforceable guidelines established for the AWQC. with modification, may be relevant and 
Zonsidered protection of human health and/or aquatic organisms. appropriate for the development of PRGs for 

These guidelines are used by states to set water groundwater which enters a surface water. 
quality standards for surface water. 

Relevant Establishes drinking water MCLs and health-based Appropriate for the development of PRGs for remedis 
and cnteria. actions involving the discharge of treated groundwate 

ipproprtate 

Relevant Non-enforceable guidelines established for the AWQC are relevant and appropriate to the 
and protection of human health and/or aquatic organisms. development of PRGs for surface water. AWQC will 

\ppropriate These guidelines are used by states to set water also be applicable to remedial alternatives which 

Or quality standards for surface water. involve discharges to surface water. 
Applicable 

To Be Establishes maximum concentrations of CoC for the Applicable where wastes produced during remedial 
Ietermined TCLP test method described in 40 CFR 261, action require handling as a hazardous waste based 

Appendix II. upon results of TCLP analysis. 

To Be Establishes maxtmum concentrations of CoCs on the Applicable to remedial alternatives which specrfy the 
Determined basis of which hazardous wastes area restricted from land disposal of hazardous wastes. 

land disposal. 

Relevant Establishes PC6 cleanup levels for soils and solid Applicable to spills of materials contakxng PCBs at 
and surfaces. concentrations of 50 mglkg or greater that occurred 

Ippropriate after May 4 1967. Although landfill operattons cease 
in 1972, this regulation may still be relevant and 
appropriate for the development of the PRG. 

To Be Establishes proposed levels of five prionty pollutants in To be considered for the development of PRGs. 
Considered fresh and saltwaters for the protection of benthic 

organisms. 

To Be Screening values for contamtnants tn sediments. To be constdered for the development of PRGs. 

Considered EPA’s proposed cnteria are contarned in the 1994 
document (above). 

To Be Sets as an tnterim soil cleanup level for lead at 500 to To be considered for the development of PRGS. 
Considered 1.000 mgikg. 

To Be Establishes water classifications and water quakty 
Considered crttetia. Also establishes acute and chronic water 

quakty crttena for the protection of aquatwo life. 

Class GA WQS, with modification. may be relevant 
and appropriate to the development of PRGs for 
groundwater based upon the potential discharge 
following treatment to fishable surface water. 

Applicable Establishes the poltcy for maintaining and restonng Appkcable to Class GB groundwater within the state r 
groundwater quality and presents groundwater Rhode Island. 
classifications. 

Relevant Establishes water classifications and water quality 

and criteria. Also establishes acute and chronic water 
Jppmpnate quality criteria for the protectton of aquatic life. 

Or 
Applicable 

WQS are relevant and appropriate to the developmet 
of PRGs for surface water. WQS will also be 
applicable for remedial alternatives which involve 
discharges to surface water. 

Applicable Esfablrshes water quality criteria and water Applicable to Class SA surface water for the 
claesiftcations. development of PRGs. 

Applicable RIOEM. in con]unction with RIDOH. established a Applicable to the development of soil PRGs. 
permisstble level of lead in sotI at 500 mglkg for 
surface sotIs and 1,000 mglkg for subsurface soils. A 
“lead-free” level in soil was defined as 150 mglkg. 

Relevant Defines Type 6 - Extremely hazardous waste at Relevant and appropriate for the development of soil 
and tncluding wastes which contain PCB at a concentration PRGs. Applicable for remedial actions which involve 

Appropriate of 50 mg/kg or greater or showing IO pgUO0 cm’ or handkng hazardous wastes. 
Or greater as measured by a standard wipe test. 

Applicable 

Relevant Defines solid waste as including any soil, debris. or Relevant and appropriate for the development of soil 
and other material wtth a concentration of PCBs of IO ppm PRGs. Applicable for remedial actton which involve 

Appropriate or greater as measured by a standard wipe test. handling solid wastes. 
Or 

Applicable 
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Table 3. Procedure for Preliminary Remediation Goals (PRGs) development for aquatic, avian predator and human health exposure pathways in the 
Derecktor ShipyardKoddington Cove study area. 

EXPOSURE PATHWAY 
PROCEDURE Aquatic Bedded Aquatic Resuspended Avian Predator Human Health 

1 - Identify primary CoC exposure Exposure pathway = porewater; Exposure pathway = Elutriate Exposure pathway = Fish and Exposure pathway = Shellfish 
pathways and benchmarks to be Benchmark = Water Quality water; Benchmark = Water Quality shellfish consumption; Benchmark consumed by subsistence 
used to express risks. Screening Values (WQSV); PW- Screening Values (WQSV); Elu- = Toxicity Reference Value (TRV); fishermen; Benchmark = minimur 

HQ = Porewater (PW) HQ = Elutriate (Elu) TRV-HQ = Tissue concentration Reasonable Maximum Exposure 
concentration/WQSV. concentration/WQSV. of prey species/TRV. (RME) value; RME-HQ = Shellfis 

tissue concentration/RME. 

2 - Evaluate CoC bioavailability under Estimate 95% Upper Confidence 
-~ -I_~ 

Estimate 95% Upper Confidence TRV based on avian predator RME based on human health 
site-specific conditions. Limit (95% UCL) of PW-HQs Limit (95% UCL) of Elu-HQs exposure model for species living exposure model for recreational 

associated with non-toxic associated with non-toxic in the New England region. shellfishing characteristics in the 
samples; set NOEQ = 1 where samples; set NOEQ = 1 where New England region. 
95% UCLCI. 95% UCL<l. 

3 - Retain CoCs substantially Retain CoCs for which the Retain CoCs for which the .- Retain CoCs with TRV-HQ21. Retain carcinogenic CoCs with 
contributing to risk at the site. Maximum PW-HQ associated with Maximum Elu-HQ associated with 

toxic samples > NOEQ. toxic samples > NOEQ. 
risk > IxIO-~; Retain non- 

__--~ __..-~ ~- 
4 - Evaluate feasibility of 

-..__- ___. carcinogenic CoCs with HQ>l. ___- __~_- 
Compare Avian Predator TRV and Compare human health RME ant 

pathway/CoC-specific PRG as a 
Compare Aquatic NOEC’ and Compare Aquatic NOEC’ and 

long-term remedial goal. 
Reference Screening Value (RSV) Reference Screening Value (RSV) Reference Screening Value (RSV) Reference Screening Value (RSL 

for CoCs in porewater; select for CoCs in resuspended for CoCs in prey species tissues; for CoCs in shellfish species 

greater of two values as aquatic sediment; select greater of two select greater of two values as tissues; select greater of two 

Threshold Effects Value (TEV). values as aquatic Threshold avian predator Threshold Effects values as human health Thresho18 

Effects Value (TEV)I Value (TEV). __~ Effects Value (TEV). -..-~. ~__.- 
5 - Rank pathway-specific TEV-HQs 

~---_- __- 
Calculate Aquatic TEV-HQs as Calculate Aquatic TEV-HQs as 

~-__~~ .~- 
Calcluate Avian Predator TEV- 

.~__. ___~ _.__ 

- 

and select CoCs with maximum station-specific PW conc.iTEV; station-specific Elu conc.ITEV; HQs as station-specific prey HQs as station-specific shellfish 
HQs by station and pathway as identify maximum TEV-HQ by identify maximum TEV-HQ by tissue conc./TEV; identify 
“limiting” CoCs. 

tissue conc./TEV; identify 
station; compile resulting list as station; compile resulting list as maximum TEV-HQ by station; maximum TEV-HQ by station; 
“limiting” Aquatic CoCs for PRG “limiting” Aquatic CoCs for PRG compile resulting list as “limiting” compile resulting list as “limiting” 
development. development. Avian Predator CoCs for PRG Human Health CoCs for PRG 

6 - Determine PRGs for “limiting” For metat CbCs, use-aquatic For metal CoCs, use aquatic 
development. 

-- -- 
Calculate PRGs (units = rig/g dry 

CoCs, I.e., convert TEV values in TEVs as PRGs (units = us/L); 
Calculate PRGs (units = rig/g d@ 

TEVs as PRGs (units = us/L); wt sediment) from avian TEVs wt sediment) from human health 
concentration-based units to be derive organic PRGs (units = rig/g derive organic PRGs (units = rig/g using BAF (metals) and BSAF 
used during remediation. 

TEVs using BAF (metals) and 
dry wt sediment) from TEV using dry wt sediment) from TEV using (organ&) models. BSAF (organics) models. 

__.- EqP model. ~___ EqP model. - ~I_..- 
7 - Evaluate practicality of pathway- 

.~~ ~~. -- 
Compare PRG exceedence to 

~-__ 
Compare PRG exceedence to 

-___~--~ ___ 
Compare PRG exceedence to Compare PRG exceedence to 

specific PRGs for effective risk aquatic risk distribution. aqt~at!c risk rlictrihl A-,-. . . -*“.I *vu.Iv, 8. atian pi&&r risk distribution. human health risk distribution. 
reduction. 

I- NOEC = NOEQ x WQSV. 



Table 4. Water Quality Criteria for target analytes selected for aquatic PRG development 
and derived Water Quality Screening Values. 

hemical EPA Water Quality Criteria’ NOAA WQS@ 

lass AnalyteZB4 WQC-FA WQC-FC WQC-SA WQC-SC ER-L Cont. DQ 
letals Arsenic 360 190 69.00 36.00 8.20 36.00 A 

Cadmium 3.90 1.10 43.00 9.30 1.20 9.30 A 
Chromium 1700 210 1100 50.00 81 .OO 50.00 A 
Copper 18.00 12.00 2.90 2.90 34.00 2.90 A 
Lead 83.00 3.20 220 8.50 48.70 8.50 A 
Mercury 2.40 0.01 2.10 0.03 0.15 0.03 A 
Nickel 1400 160 75.00 8.30 20.90 8.30 A 
Silver 0.92 0.12 7.20 0.92 1.00 0.92 A 
Zinc 120 110 95.00 86.00 150 86.00 A 
SEMAVS 5.00 F 

Aiis 1,6,7-Trimethylnaphthalene NA 
I-Methylnaphthalene NA 
I-Methylphenanthrene NA 
2,&Dimethylnaphthalene NA 
Z-Methylnaphthalene 70.00 0.88 E 
Acenaphthene 1700 520 970 710 16.00 710 A 
Acenaphthylene 44.00 0.46 E 
Anthracane 85.30 0.29 E 
Benzo(a)anthracene 261 0.07 E 
Benzo(a)pyrene 430 0.04 E 
Benzo(b)fluoranthene NA 
Benzo(e)pyrene NA 
Benzo(g,h,i)pet-ylene NA 
Benzo(k)fluoranthene NA 
Biphenyl NA 
Chrysene 384 0.10 E 
Dibenz(a,h)anthracene 63.40 1.68E-03 E 
Fluoranthene 3980 40.00 16.00 600 16.00 A 
Fiuorene 19.00 0.14 E 
Indeno(l,2,3cd)pyrene NA 
Naphthalene 2300 620 2350 160 620 B 
Perylene NA 
Phenanthrene 30.00 6.30 7.70 4.60 240 0.81 A 
Pyrene 665 0.63 E 
LMW PAHs 552 5.26 E 
HMW PAHs 1700 0.29 E 
Total PAHs 4022 5.09 NA 

‘CBS Total PCBs 2.00 0.01 10.00 0.03 22.70 0.03 A 
‘esticides Aldrin 3.00 1.30 0.16 B 

Hexachlorobenzene 6.00 3.68 3.68 C 
Mirex 1 .OOE-03 1 .OOE-03 1 .OOE-03 A 
o,p’-DDE 0.13 1 .OOE-03 2.20 1 .OOE-03 B 
p,p’-DDE 0.13 1 .OOE-03 2.20 1.00E-03 0 

ET Tributyltin NA 
m n-1_ ,-.._I:=-_ I^^^ c: ^.._^ q-7 *\ 

WQC-FA = Water Quality Criteria = Freshwater Acute Value 
WQC-FC = Water Quality Criteria = Freshwater Chronic Value 
WQC-SA = Water Quality Criteria = Saltwater Acute Value 
WQC-SC = Water Quality Criteria = Saltwater Chronic Value 
WQSV = Water Quaiitv Screening Value 
WQSV CODES - 
NA= Benchmark not available to derive Screening Value 
A- WQC-SC VALUE 
B- 8:l ACUTE/CHRONIC RATIO APPLIED TO WQ-SA VALUE (Shepard, 1995); * = Acute value based on LOAEL 
C- WQC-FC VALUE 
D- 8:l ACUTE/CHRONIC RATIOAPPLIEDTO WQ-FAVALUE (Shepard, 1995). 
E- EqP PARTITIONING OF ER-L SEDIMENT BENCHMARK INTO POREWATER AT 1% TOC 
I- Units: ug/L. 
2- See text and Figure 2.2-l for WQSV derivation process. 
3- LMW PAH = ten Z-ring & J-ring PAHs; HMW-PAH = eight 4-ring and B-ring PAHs; Total PAH = sum of LMW and HMW PAHs (NOAA, 1991) 
LMW PAH, HMW PAH Kow = median of analyte specific KOWS 

4 - Assumed to be the same as DDT. 
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Table 5A. Distribution of toxic and non-toxic aquatic Hazard Quotients and derivation of No Observable Effect 
Quotients for the aquatic receptors exposed to CoC via bedded and resuspended sediment aquatic exposure pathways 

for the Derecktor ShipyardlCoddington Cove study area. 

__ I/BEDDEPSEDIMENT 

Class II MET 
Analyte’ 

MET 
MET 
MET -- 1 
MET 
MET 
MET 

I. :,/ MET 
MET 
MET 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 

i--Y PAH 
PAH 
PAH 
PAH 

F -. 

r-- 

--w 

PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PCB 
PST 
PST 
PST 

r -3 PST 
PST 

iArsenic 
j Cadmium 
Chromium 
/Copper 
j Lead 
Mercury 

1:;;: 
;Zinc 
’ SEM:AVS 
; 1,6,7-Trimethylnaphthalen 
11 -Methylnaphthalene 
: l-Methylphenanthrene 
,2,6-Dimethylnaphthalene 
/2-Methylnaphthalene 
lAcenaphthene 
Acenaphthylene 
:Anthracene 
I Benzo(a)anthracene 
! Benzo(a)pyrene 
, Benzo(b)fluoranthene 
i Benzo(e)pyrene 
/Benzo(g,h,i)peryiene 
Benzo(k)fluoranthene 
’ Biphenyl 
/ Chrysene 
Dibenz(a,h)anthracene 

: Fluoranthene 
Fluorene 
Indeno( 1,2,3-cd)pyrene 
Naphthalene 
Perylene 
) Phenanthrene 
Pyrene 

‘LMW PAHs 
HMW PAHs 

!Total PAHs 
/Total PCBs 
Aldrin 
i Hexachlorobenzene 
1 Mirex 
/ o,p’-DDE 
p,p’-DDE 

Bedded Sediment xposure (Amphipod Surf Ial) 
Non 7 

2 

N 
--ii- 

0 
0 
0 
0 
0 
0 
0 
0 

15.00 
0 
0 
0 
0 

15.00 
15.00 
15.00 
15.00 
15.00 
15.00 

0 
0 
0 
0 
0 

15.00 
15.00 

-0xic Si 
35% UCI 
‘W-HQ’ 

lJg 
AMP- 
JOEC 

-0.67 5.00 

0.16 
3.60E-04 

0.84 
I .38 
0.73 
0.45 

1.00 
1 .oo 
1 .oo 
i .3a 
1 .oo 
1 .oo 

0.59 
0.45 

1 .oo 
1.00 

0.02 j 
1.23 ~ 

1 .oo 
1.23 

1.00 

15.00 
15.00 

0 
15.00 1.22E-03 / 

0 
15.00 0.67 1 
15.00 0.64 , 
15.00 3.38 j 
15.00 2.87 / 
15.00 6.22 
15.00 0.11 1 
15.00 1.91 E-05 
15.00 2.83E-06 
15.00 6.14E-03 I 
15.00 0.02 1 
15.00 , 0.02 1 1.00 

1 .oo 
1 .oo 
3.38 
2.87 
6.22 
1.00 
1.00 
1.00 
1 .oo 
1.00 

>xic Sa 
Max. 

JW-HQ: N 
0 

0 
0 
0 
0 
0 
0 
0 
0 

7 

h 

2.00 / -11.10 
0 I 

m 

0 i 

0 ~ 
0 

2.00 0.16 ~ 
2.00 

/ 
( 1.27E-04 

2.00 1 0.87 
2.00 / 1.21 
2.00 I 

) 
0.83 , 

2.00 0.58 
0 
0 
0 
0 
0 

2.00 0.64 
2.00 1 0.56 j 
2.00 I 0.01 ’ 
2.00 j 0.87 

0 
2.00 

0 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

9.01 E-04 

0.38 
0.79 
2.58 
3.41 
5.99 
1.78 

6.72E-06 
1.46E-06 

I 
2.00 / 0.01 ~ 
2.00 ~ 0.40 1 

@es 
tiax. PW-HC 

’ NOEQ’ 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
YES 
NO 
YES 
NO 
NO 
NO 
NO 

2.00 I 0.04 / NO 

\Q-BEI 

rlOEQ 

2.87 

1.00 

PW-HQ=Porewater Hazard Quotient, ELU-HQ=Elutriate Hazard Quotient. 

1 - NOEQ = No Observable Effect Quotient = greater of 95% Upper Confidence Limit (UCL) HQ or 1. 

2 - SEM-AVS expressed as pmol/g dry wt. sediment (benchmark from USEPA, 1996). 

3- Porewater Hazard Quotients: from Table A-3.2; segregated by amphipod survival results, see Tables A-3.3A (no toxicity) anai A-3.3B (toxicity); 

c--7 4 - If Max PW-HQ>NOEQ, AQ BED-NOEQ = NOEQ 



Table 58. Distribution of toxic and non-toxic aquatic Hazard Quotients and derivation of No Observable Effect Quotients for the aquatic receptors 

exposed to CoC via bedded and resuspended sediment aquatic exposure pathways for the Derecktor Shipyardlcoddington Cove study area. 

MET Cadmium 
MET Chromium 
MET Copper 
MET Lead 
MET MWCUl-y 
MET Nickel 
MET Silver 
MET Zinc 
MET SEM:AVS 
PAH 1.6,7-Trimethylnaphthale 
PAH I-Methyinaphlhalene 
PAH I-Methylphenanthrene 
PAH Z,&Dimethylnaphthalene 
PAH 2-Methylnaphthalene 
PAH Acenaphthene 
PAH Acenaphthylene 
PAH Anthracene 
PAH Benzo(a)anthracene 
PAH Benzo(a)pyrene 
PAH Benzo(b)fluoranthene 
PAH Benzo(e)pyrene 
PAH Benzo(g,h,i)perylene 
PAH Benzo(k)fluorenthene 
PAH Biphenyl 
PAH Chrysene 
PAH Dibenz(a,h)anthracene 
PAH Fluoranlhane 
PAH Fluorene 
PAH Indeno(l,2,3-cd)pyrene 
PAH Naphthalene 
PAH Perylene 
PAH Phenanthrene 

PAH Pyrene 
PAH LMW PAHs 
PAH HMW PAHs 
PAH Total PAHs 
PCB Total PCBs 
PST Aldrin 
PST Hexachlorobenzene 
PST Mirex 
PST o,p’-DDE 

[PST Ip,p’-DDE 

PW-HC!=Porewater Hazard Cluotient, EL 

- 
Resuspen 

<on-Toxic E 

N %%uct 

ELU-HCI: 
3w 0.84 
3.00 0.01 
3.00 E.WE-03 
3.00 058 
300 1 29 
3.00 4.00 
300 0.48 
300 0.27 
3.00 0.05 
7.00 1.06 
0 
0 
0 
0 

9W 7.34E-0: 
,I .W 6.53E.04 
/ 1 .W 8.44E.0: 
IO.00 0.04 
IO.00 0.23 
1l.W 0.29 

0 
0 
0 
0 
0 

9.00 0.08 
II.00 369 
11.00 1.87E-0: 
11.w 004 

0 
9.00 1.57E-0: 

0 
II.00 001 
Il.00 0.19 
l1.W 0.09 
II.00 4.44 
‘1.W 4 54 
II.00 1.43 
1.W Q.O5E-O? 

Il.00 6.58B0: 
,lW 032 
II.00 2.48 

- 
Id Se - 
npieE 

IOEQ’ 

- 
1.00 
IW 
IW 
1.W 
1.29 
4.00 
100 
1.00 
1.W 
106 

l.w 
1.W 
1.W 
100 
1.W 
IW 

1.00 
3.89 
1.00 
l.W 

1.W 

1 .oo 
l.W 
1.00 
4.44 
4.54 
1 43 
IW 
I.00 
1.w 
2.48 

= 
nei - 

i- 

- 
(Sea 
oxic ! 

Max. 

LU-HC - 

:hin 
nples 

Iax. ELU-HC 

. NQEQ? 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

Resuspenc 

\lon-Toxic I 

N/95%UCL 

ELU-HC! 
2.00 1.12 
2.W 0.01 
2.00 E.WE-03 
2.00 0.43 
2.00 1.06 
2.W 4.00 
2.00 0.48 
2.00 027 
2.w 0.05 
6.00 1.70 

0 
0 
0 
0 

2.00 6.5780: 
3.W 3.45E.% 
3.00 0.01 
2.00 0.05 
200 0.19 
3.00 0.28 

0 
0 
0 
0 
0 

200 0.06 
3.00 6.84 
3.W l.i9E-0: 
3.00 0.04 

0 
2.00 ,55E-0: 

0 
3.w 0.01 
3.w 0.44 
300 0.08 
3.00 7.32 
3.00 7.37 
3.00 2 31 
3.00 9.82E.0: 
3 00 2.45E-04 
3 00 0.80 
3.00 2.80 
3.00 059 

- 
j Sed - 
nJ& 

IOEQ’ 

- 
1.12 
1.00 
I.00 
100 
ice 
4.00 
I.00 
loo 
1.w 
1.70 

IW 
1.w 
1.00 
I.00 
1.00 
1.00 

1.W 
6.84 
100 
1.03 

I.00 

1.W 
1.W 
IW 
7 32 
7.37 
2.31 
1.00 
1 .oo 
1 .oo 
280 

1.00 - 

- 
lent (Sea 1 

Toxic I 

N\ 

ELU-HC 
7w 2.11 
7.w 0.01 
7.00 E.WE-0 
7.00 1.78 
7.00 1.87 
7.00 4.w 
7.w 0.48 
7.w 0.27 
7.00 0.05 
8.00 1.51 

0 
0 
0 
0 

7.00 0.01 
8W 3.WE-0 
8W 0.03 
8W 0.16 
8.W 0.71 
8.00 0.97 

0 
0 
0 
0 
0 

7.00 0.33 
8.W 6.84 
8.W 7.38E-0 
8.W 0.18 

0 
7 00 2.3G0 

0 
8.00 0.04 
800 0.49 
8.00 0.39 
800 8.37 
8.W 8.46 
800 2.59 
6.00 Q.EZE-0 
8.00 2.45E.0 
8.00 071 
8W 3.52 
8.W 0.71 

1 - NOEC! = No Observable Effect Ouotient = greater of 95% Upper Confidence Limit (UCL) HO or 1 

2 - SEM-AVS expressed relative to 5 p&/g drywt. sediment benchmark (from USEPA. 1998). 

3- Elutriate Hazard Duotients: from Table A-4 2; segregated by sea urchin fertilization results, see Table A-4.3A (no toxuty) and Table A-4.3B (toxicity); 

for sea urchin larval development (elubiates). see Tables A-4.4A (no toxicity) and A-4.40 (toxicity). 

4A - If Max FERT EL&Ha > NOEO, FERT NOED = NOEO. 

48 - If Max DEV EL&Ha > NOEO. DEV NOECJ = NOM. 

5 - Aquatic NOEQ = minimum of TEST-specific NOEOs. 

6 - SEM concentration used; AVS assumed = 0 in resuspended sediment. 

,in 
nples 

lax. ELU-H( 

’ NOEQi 
YES 
NO 
NO 

YES 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

YES 
YES 
YES 
NO 
NO 
NO 

YES 

NO 

- 
@ 

)EV4’ 

B 
1.12 

I.00 
1.0-S 

7.32 
7.37 
2.31 

2.80 

Q ELU 

JOEQ 
1.12 

7 32 
7.37 
2 31 

2 80 
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Table 6. Derivation of Aquatic Reference Screening Values based on concentrations for selected contaminants in porewater’ 
and elutriates from Narragansett Bay reference locations. 

POREWATERS 

rr===i 

PW 

ELU 

ELU 

ELU 

ELU 

ELU 

ELU 

ELU 

ELU 
- 
ticate 0 

= 
I t I r-l I I I I I I I I I I N 

5 8 ,y 6 f ? 6 4 8 8 7 2 -a ‘; P 4 $ x , 2 5 -J 
! s 

F 5 
2 s 

8 H 
8 8 

0.07 8.63E-03 0.03 0.07 0.10 2.70E-03 2.44E-03 0.04 0.54 1.62E-03 2.14E-03 0.01 1.08 

1.59E-04 2.92E-04 1.44E-04 2.07E-04 2.67G04 3.56E-05 6,71E-05 l.O6E-04 1.12E-04 7.54E-05 7.62E-05 

18.30 

1.25 

13.20 

209 

237 

48.37 

$ 95% Aquati 

c P Mean UCL RSV” 

13.00 2.13 0.15 0.19 0.34 

Missing PW values ir 

I I I I 1 3.59 [ I I I I I 1.00 2.13 3.59 

I.79 ) 1.47 ( 4.01 ) 1 1 1 1 1 1 1 1 

( ( 

( 1 

1 I 

3.73 6.09 3 79 3.64 3.57 1.66 3.18 0.61 3.55 2.55 1.48 0.61 15.00 1 2.13 ( 2.81 1 

lers removed from the RSV calculation. Outliers are defined as values greater than the mean + 2 standard deviations of the mean for all data. 

Only one sample was available for ELU data; hence no outlier analysis was performed. 

I-Porewater concentration #g/L) = sediment concentration/(foc X Koc). See Table A-l for Koc values. 

foe = XTOCIl 00. 

Data Sources: SAIC, 1996 (JSC/PCC - Allen Harbor ERA reference locations), Appendix A-l -1 (sediment concentrations) and A-l-3 (porewater concentrations); 

SAIC and URI, 1997a (JCC - McAllister Point ERA reference location), Appendix A-l-l-l (sediment organic chemistry), A-1-2-1 (sediment metals chemistry), 

and A-l-2-3 (porewater metals chemistry); 

SAIC and URI, 1997b (JPCYCHC - Derecktor Shipyard ERA reference locations), Appendix A-l-l (sediment chemistry) and A-l-2 (elutriate chemistry). 

2 - List includes analytes for which NOEQs were developed; see Table 5A (PW) and Table 5B (ELU). 

3 - Aquatic Reference Screening Value (RSV) calculated as 95% Upper Confidence Limit based on sample size as follows: 

Mean + (to.9,5(df)*(STDEVl(SQRT(n))); where STDEV=standard deviation; n=sample size; 

fO&df) = sample size-dependent percentage points of the t distribution, (Ott, 1993). 

4 - Koc for Aroclor 1254 assumed for Total PCBs (see Table A-l). 

11.00 2.13 1.40&04 539E-05 1.94E-0 

1 00 2.13 18.30 

1.00 2.13 1.25 

1.00 2.13 1320 

1 00 2.13 209 

I .oo 2.13 237 

1 .oo 2.13 48.37 

i 



Table 7. Derivation of Threshold Effects Values (TEVs) for bedded (PW) and resuspended (ELU) 
aquatic exposure pathways in the Derecktor Shipyardlcoddington Cove study area. 

Exposure 

Class Analyte’ Pathway’ 
PAH HMW PAHs PW 
PCB Total PCBs PW 
MET Arsenic ELU 
MET Copper ELU 
MET Lead ELU 
PAH HMW PAHs ELU 
PAH Total PAHs ELU 
PCB Total PCBs ELU 
PST o,p’-DDE ELU 1 2.80 1 
PW=Porewater, ELU=Elutriate. 

Aquatic 

NOEQ* 
2.87 
1 .oo 

1.12x-- 
1 .oo 
1.06, 
7.32 
7.37 
2.31 

NOEC3’5 

M?JL) 
0.82 
0.03 ______ 

40.40 
2.90 
9.00 
2.09 
37.51 
0.07 

2.80E-03 

- 

Aquatic RSV4 Aquatic TEV5 
WL) WL) 
0.34 0.82 

1.94E-04 0.03 
18.30 40.40 
1.25 2.90 
13.20 13.20 
0.21 2.09 
0.24 37.51 
0.05 0.07 

3.59E-03 3.59E-03 

L-coc?6 
yes 
yes 
yes 
yes 
yes 
no 
no 

yes 
yes 

NOEQ=No Observable Effect Quotient; WQSV=Water Quality Screening Value; NOEC=No Observable Effect 
Concentration; RSV=Reference Screening Value; TEV=Toxicity Effect Value. 
1 - List includes analytes for which Aquatic NOEQs were developed; see Table 5. 
2 - Aquatic NOEQ = minimum of exposure pathway-specific NOEQs; see Table 5. 
3 - NOEC = Aquatic NOEQ x WQSV (Table 4). 
4 - RSV = reference data compiled by SAIC (Table 6). 
5 - Aquatic TEV is the greater of the NOEC and RSV. 
6- L-CoC = Limiting CoC; see Table A-5 for L-CoC derivation. 
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Table 8. Avian Predator Reference Screening Values for selected CoCs in tissues of prey from Narragansett Bay reference locations. 

+ 
e 
c 
-7 
ij 

11.30 

0.58 

7.57 

10.60 

0.85 

0.08 

? 
t 

-ii-. 
19.30 

$ 
-7 
4 

s- 
3.48 

L 
I 

s -1 

ii 

:: 
-) 

19.77 

2 
T 
7 
P 

-) 
6.77 

: I 
5 
H 

10.44 

112 

53.54 

0.65 

8.73 

8.50 

0.99 

0.13 

0.93 

97.50 

:lass Analyte’ ; 
letals 9rsenic 4.68 19.43 5.91 

Cadmium 0.58 0.18 0.20 

Chromium 1.84 1.68 2.65 

3opper 11.93 143 5.33 

Lead 0.78 0.39 0.79 

Mercury 0.18 0.30 0.01 

Silver .50E-0, 2.19 1.79 

Zinc 91.68 106 74.10 

‘CBS Total PCBs 389 
- - I 397 50.96 

lissing ralues indict RSV < :uiatron. Outliers are de edas. uesgrc ne mean + 2 standard dc rtions 

Metals units=pg/g dry tissue wt.; organics units=ng/g dry tissue wt. 

CN=cunner, HC=hard clams, lBM=indigenous blue mussels, LOB=lobster, LOB-HPP= lobster hepatopancreas, LOB-MUS=lobster muscle, 

MF=marine fish, ND=non-depurated, DEP=depurated. 

Data Sources: SAIC, 1996 (JSCIPCC -Allen Harbor ERA reference locations), Appendix A-l-2 (tissue concentrations); 

SAIC and URI, 1997a (JCC - McAllister Point ERA reference location), Appendix A-l-l-2 (tissue organic chemistry) and A-l-2-2 (tissue metals chemistry), 

SAIC and URI, 1997b (JPCXHC - Derecktor Shipyard ERA reference locations), Appendix A-l-3 (tissue chemistry); 

TRC, 1994 (Cl - NETC reference location). 

1 - Analytes for which maximum TRWHQscl were excluded from PRG development; see ERA Appendix A-2-4 (SAIC and URI 1997). 

2 - Avian Predator Reference Screening Value (RSV) calculated as 95% Upper Confidence Limit based on sample size as follows: 
Mean + (to.sr5(df)*(STDEV/(SQRT(rr))); where STDEV=standard deviation; n=sample size; 

t,,&df) = sample size-dependent percentage points of the t distribution (Ott, 1993). 

0.94 

1.22 

18.3s 

0.84 

0.17 

1.58 

21.97 

1010 
- 
from ! 

4 
‘; 
Y 

21.68 

0.23 

1.43 

102 

0.18 

0.23 

3.84 

119 

461 

8.27 

0.11 

10.77 

0.09 

0.11 

1.25 

65.15 

4210 

1 SOE-0: 

0.11 

45.71 

0.14 

0.56 

0.84 

102 

106 

2 
5 
:: -) 

91.43 

? 
!J 
8 7 

37.73 

0.59 

2.44 

8.62 

3.28 

0.17 

.50E-01 

92.83 

565 
- 
:er thar 

1.18 

1.08 

22.74 

0.43 

0.11 

50E-0, 

34.06 

1900 

0.11 

0.69 

1.94 

0.14 

0.07 

0.81 

167 

616 

0.30 

2.82 

33.84 

0.91 

0.10 

4.15 

89.64 

120 

.he mean for all 

- 
T 

- 
T - 

Mean 

11.07 

0.41 

2.05 

10.98 

0.54 

0.12 

0.98 

100 

470 
- 

Avian 
'redal 

RSV 

14.96 

0.60 

3.08 

16.54 

0.72 

0.16 

1.41 

124 

766 

, 
I 
8 
s 
5 
8 

a 
1.25 

2 
2 
5 
H 

6.83 

0.19 0.10 

1.36 1.76 

2.69 3.67 

0.70 0.26 

0.10 0.01 

0.69 0.92 

160 186. 

- 
tta. 

kz 
P 
5 
2 

17.66 

0.37 

4.06 

3.75 

0.59 

0.01 

1.69 

86.11 

68.11 



Table 9. Derivation of Threshold Effects Values for the avian predator exposure pathway in the Derecktor 
Shipyard/Coddington Cove study area. 

II 1 Maximum 1 Avian Predator TRV3 
Class Analyte’ 
Metals Arsenic 

TRV-HQ* 
3.50 

(mglkg dry tiss. wt.) 
8.18 

Cadmium 1.02 1.83 
Chromium 1.84 1.72 
Copper 3.24 60.71 
Lead 1.87 3.11 
Mercury 1.19 0.38 
Silver 6.16 1.11 
Zinc 5.96 28.77 

PCBs Total PCBs 13.50 0.29 

Avian Predator RSV4 Avian Predator TEV5 
(mglkg dry tiss. wt.) (mglkg dry tiss. wt.) L-CoC?E 

14.96 14.96 no 
0.60 1.83 
3.08 3.08 
16.54 60.71 
0.72 3.11 
0.16 0.38 
1.41 1.41 
124 124 
0.77 0.77 

no 
ll0 

yes 

I 
Yes 
no 
yes 
9s 
ves 

TRV=Toxicity Reference Value. 

1 - Analytes identified in Table 8. 

2 - Maximum TRV-HQ=maximum Hazard Quotient observed for any prey-receptor combination in the Derecktor ShipyardlCoddington Cove 

study area; see Appendix A-2-4 in Final Derecktor Shipyard Marine ERA (SAIC and URI, 1997b). 

3 - TRV = minimum of receptor-specific TRV; see Table 6.3-2 in Final Derecktor Shipyard Marine ERA (SAIC and URI, 1997b). 

4 - Avian Predator Reference Screening Value (RSV) ; see Table 8. 
5 - Avian Threshold Effects Value (TEV); selected as greater of TRV and RSV. 

6- L-CoC = Limiting CoC; see Table A-6 for L-CoC derivation. 
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Table IO. Summary of exposure parameter values used 
ip the IXw-cd&w .~hin\/arrl/r.nrlrlinntnn f!mm cdl IA/ zarma 

in estimating exposures via shellfish consumption subsistence fishermen 
II .,*.a Y”,““,,.“, vi,, y,um Yr VVUUll nyrv, I WV”” YLUU, UI VU. 

Parameter RME Value Rationale Reference 

slobal variables 
3ody Weight (kg) 

- Shellfishing 70.00 Average of adults between 18-65 years of age. USEPA 1994 

Exposure Duration (yr) 

- Shellfishing and Residential (yr) 30.00 Median and upper-bound time at one residence, adults. USEPA 1994 

iveraging Time (days) 

- Cancer risks 25550 

- Noncancer risks 

Shellfishing and Residential 10950 

?elative Absorption Factors 

- Ingestion of shellfish 

vocs 1 .oo 

PAHs 1 .oo 

PCBs 0.30 

Pesticides 0.30 

lnorganics 1 .oo 

Lead 0.30 

:onsumption of Locally-Caught Shellfish Scenario 
:xposure Frequency (day/yr) 350 

ngestion Rate (g/day) 15.60 

%action of Ingested Shellfish 

Zaught Locally 1 .oo 

Based on 70 year life expectancy.- 

Based on exposure duration. 

Pesticides in this study are considered high sorption (logKow=5.89-6.89). 

Assumes two weeks vacation. 

Based on 150 g shellfish per serving and 36.5 servings of shellfish 

per year. 

Conservative assumption in absence of site-specific data. 

USEPA 1989b 

USEPA 1989b 

USEPA 1989b 

USEPA 1994 

USEPA 1994; 

Rupp et al. (1980) 

BPJ 

NOTES: 
RME: Reasonable Maximum Exposure. 
BPJ: Best professional judgment. 



Table 11. Toxicity values for Chemicals of Concern in shellfish tissue for the Derecktor ShipyardKoddington Cove study area. 

Non-cancer Chronic 

Cancer Slope Factor (SF)’ Reference Dose (RfD)‘13 

(mg CoClkg body wt-day-‘) (mg CoClkg body wt-day”) 

Class Analyte Ingestion Ingestion 

MET Arsenic 1.50 3.00E-04 

PAH Benzo(a)anthracene 0.73 
PAH Benzo(a)pyrene 7.30 
PAH Dibenz(a,h)anthracene 7.30 
PAH Indeno(l,2,3-cd)pyrene 0.73 
PCB Total PCBs 2.00 

Cancer Slope Factors for all carcinogenic PAHs were set equal to the most toxic PAH, Benzo(a)pyrene. 

1 - Original source for SF and RfD values from IRIS database (USEPA, 1997). 

2 - Value adjusted in comparison to SF for benzo(a)pyrene; as per USEPA (1993) Provisional 

Guidance For Quantitative Risk Assessment of Polycyclic Aromatic Hydrocarbons. 

3 - Missing values indicates this CoC is not a non-carcinogenic CoC 
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Table 12. Summary of risk-based concentration thresholds for CoCs in shellfish tissue for the Derecktor ShipyardKoddington Cove study area. 

Analvte 

Risk-based Concentration (mg CoC/kg wet tissue wt.)’ 

I 1 x 10e6 Cancer Risk’ 

7.28E-03 
0.01 

1 SOE-03 
1 SOE-03 

0.01 

1 x 10e4 Cancer Risk2 

0.73 
1 so 
0.15 

I Human Health Risk- 

HQ = 1 Non-cancer Risk3,4 Based Value (RBV)’ 

1.40 0.05 
0.11 
0.01 
0.01 
0.11 
1.30 

Arsenic 
Benzo(a)anthracene 
Benzo(a)pyrene 
Dibenz(a,h)anthracene 
Indeno(l,2,3-cd)pyrene 

IPCB ITotal PCBs I 0.18 
1 - Assumes Reasonable Maximum Exposure scenario. 

Benchmarks calculated for CoCs with 5 1x1 Cl-6 cancer risk or t-IQ>1 .O non-cancer risk for HH ERA under RME exposure scenario. 

2 - Derived using Equation 2 in Section 2.4.3 of text. 

3 - Derived using Equation 1 in Section 2.4.3 of text. 

4 - Missing values indicates this CoC is not a non-carcinogenic CoC in shellfish tissue under RME conditions based on baseline human 
health risk assessment results. 
5 - Human Health Risk-based Value (RBV); minimum of risk-based RME values for carcinogenic and non-carcinogenic COGS. 

Units: mg CoCIkg dry wt. tissue. Value converted to dry weight units dry wt=wet WV% solids content (Table A-23). 
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Table 14. Derivation of Threshold Effects Values for the human health exposure pathway in the 
Derecktor ShipyardKoddington Cove study area. 

II Class Analyte 
Arsenic 

(mg/kg dry tiss. wt) 
0.05 Metals 

Benzo(a)anthracene 0.11 
Benzo(a)pyrene 0.01 
Dibenz(a,h)anthracene 0.01 
Indeno(l,2,3-cd)pyrene 0.11 

PCBs Total PCBs I 1.30 
1 - Human Health Risk-based Value (RBV); see Table 12. 

(mglkg dry tiss. wt) 
17.27 

(mg/kg dry tiss. wt) L-COC?~ 
17.27 yes 

0.02 0.11 no 
9.91 E-03 0.01 yes 
8.83E-04 0.01 no 
5.06E-03 0.11 no 

I 0.33 I 1.30 I no I 

Human Health RBV’ Human Health RSVL 1 Human Health TEV3 

2 - Human Health Reference Screening Value (RSV), see Table 13. 
3 - Human Health Threshold Effects Values (TEV) = greater of RBV and RSV. 
4 - L-CoC = Limiting CoC; see Table A-7 for L-CoC derivation. 



Table 15. Summary of maximum TEV-HQs and identification of Limiting C&s by sampling location for aquatic, avian predator and human health exposure pathways 
for the Derecktor Shipyardlcoddington Cove study area 

e 
icposure Pathway $ 

ii ?i i% & i% ii 
0 n cl n 0 a 

quatic (A) 
TEV- 

HQ ” 
0.89 1.42 1 78 2.34 1.15 

L-cot 
HMW HMW Total HMW HMW 

edded 
PAHs PAHs PCBs PAHs PAHs 

quatic (A) 
TEV- 1.00 
HP 1.2 

1.12 1 .oo 0.83 176 0.71 1.20 

esuspended L-cot 
Total Total Lead Arsenic 
PCBS PCBs 

o&DDE copper Lead 

vian Predator(P) 
TEV- 

HO ‘J 
1.87 3 89 2.87 4 89 5.05 4.16 1.33 2.44 4.65 4.08 

L-cot Lead Silver 
Total 

Sliver 
Total 

Silver Silver 
Total 

PCBS PCBs 
Silver Zinc 

PCBs 

uman Health (HH) z$i 10.72 51.30 6.84 3.17 1.65 4.21 3.99 2.08 2.10 1.51 3.02 

L-C& 
Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benz@ 

pvrene pvrene pvrene py 
rene Arsenic 

pyrene pyrene pyrene pyrene pyrene pyrens 

ombined 
TEV- 

HQ ” 
1.87 10.72 51.30 a.84 5.05 4.16 1.15 4.21 3.99 2.44 2.10 4.65 4.08 

Total 
xposure L-COG Lead 

Benzo(a) Benzo(a) Benzo(a) Total 
Silver 

HMW Benzo(a) Benzo(a) Silver Benzo(a) 

pyrene py rene pyrene PCBs PAHs py 
Silver 

rem pyrene pvrene PCBs 

athway Pathway’ P HH HH HH P P A HH HH P tw P P 
I 

N-HQ=Threshold T 

Section 1.0. TEV-HQs<l not reported. 
1 _ TN-HQ = media-specifc concentrationlanalfle-pathway-specific TEV value. 

2 -Values presented are maximum of Aquatic TN-H& by station Complete TEV-HCl 

values presented in Tables A-5. 

3 -Values presented are maximum of Asian Predator TEV-HQs by station Complete TEV-HCl 

values presented in Table A-6. 

4 _ Values presented are maximum of Human Health TN-H& by station. Complete TN-HQ 

values presented in Table A-7. 

5 -Values presented are maximum of individual exposure pathway TEV-HQs by stahon. 

6 - Limiting Exposure Pathway; A = Aquatic, P = Avian Predator, HH = Human Health. 

i, 6 Q 62 ti 
rll n 0 n cl 

1.74 

HMW 
PAHs 



Table 16. Summary of Preliminary Remediation Goals (PRGs) for aquatic, avian predator, human health, 
and combined exposure pathways for the Derecktor ShipyardlCoddington Cove study area. 

rl 
I Preliminary Remediation Goal’ 

Aquatic-Bedded3A 
Aquatic- 

Resuspended3’ 
Avian Predator4 Human Health’ Combined Pathway 

Class Analvte’ 
MET Arsenic 24.63 NR 

MET Copper 73.74 NR 184 NR 

MET Lead 83.94 168 622000 NR 

MET Silver 2342 NR 

MET Zinc 118 NR 

PAH Benzo(a)pyrene 

PAH HMW PAHs 6951 13903 

PCB Total PCBs 1638 1638 530 1060 92.82 NR 

<- .” 
NR - Not Recommended 

1 - Pathway-specific PRGs expressed in concentration units for use during remediation. 
PAHs, PC& pesticides: units = ngig dry weight sediment 
metals: units = pg/g dry weight sediment 

2 - List includes only limiting CoCs, i.e., CoCs with maximum TEV-HQs by station and pathway (Table 15). 

3A - Aquatic Bedded PRG at HQ=l calculated as the mean (TEV*[Sed])/[PW]; 
REC = 2 x PRG at HQ = 1; adjusted to reduce risk to CoC exposure in bedded sediment of high risk areas. See text in Section 3.3. 

38 - Aquatic Resuspended sediment PRG at HQ=l calculated as the mean (TEV*[Sed])/[Elutriate]). 
REC = 2 x PRG at HQ = 1; adjusted to reduce risk to COC exposure during sediment resuspension in high risk areas. See text in Section 3.3. 

4 - Avian predator PRG (at HQ=l) for organics calculated as [%TOC, x ((Avian TEV*lOOO)/%lipid,,))/BSAF]; 

For Metals, PRG cont. = [Avian TEVIBAF]. 
REC = NR; due to low risk and lack of probable exposure. See text Section 3.3. 

5 - For PCBs, PRG (rig/g dry wt. sediment) = [%TOC,,, x ((Human Health TEV)*(l000/%lipid,))/BSAF]; 

For metals, PRG (yg/g dry wt. sediment) = ((Human Health TEV)/BAF). 

REC=lOx PRG at HQ=l; adjusted for site usage ratio to address risk above HQ=10/lx10~5. See text Section 3.3. 

Data Sources: 
- see Table 7 for Aquatic TEV concentrations @g/L); 
- see Table 9 for Avian Predator TEV concentrations (mg/kg dry weight); 
- see Table 14 for Human Health TEV concentrations (mglkg wet tissue weight); 
- see Table 15 for maximum of pathway-specific TEV-HQ values; 
- see Table A8 for calculation of mean aquatic bedded and resuspended pathway PRGs from station-specific PRGs; 
- site average %lipid = 4.59, see Table A-2.3 for derivation; 
- site average %TOC = 2.78, see Table A-2.1A for derivation; 
- site average BAF for arsenic = 0.875; see Derecktor Shipyard ERA Figure 6.3-3; 
- site average BAF for copper = 0.33; see Derecktor Shipyard ERA Figure 6.3-3; 

- site average BAF for lead = 5.OE-6; see Derecktor Shipyard ERA Figure 6.3-3; 
- site average BAF for silver = 0.0006; see Derecktor Shipyard ERA Figure 6.3-3; 
- site average BAF for zinc = 1.05; see Derecktor Shipyard ERA Figure 6.33; 
- site average BSAF for pesticides = 3.85; see Derecktor Shipyard ERA Figure 6.3-2; 
- site average BSAF for PCBs = 5.00; see Derecktor Shipyard ERA Figure 6.3-2; 
- site average BSAF for PAHs = 0.12; see Derecktor Shipyard ERA Figure 6.3-2. 

-, 

,._ -. 



Table A-l. Summary of Kow and Koc values used in calculations of organic contaminant 
concentrations in porewaters by equilibrium partitioning. 

. 

lass Anaiyte CAS No. Full Analyte Name 

IET As Arsenic 

Cd Cadmium 

Cr Chromium 

CU copper 

Pb Lead 

Hg MWCU~ 

Ni Nickel 

AS Silver 

Zll Zinc 

SEM:AVS SEM-AVS 

AH T167NAP 2245387 1.6,7-Trimethylnaphthalem 

MINAPH 

MIPHEN 

DZBNAPH 

MZNAPH 

ACENAPH 

ACENAPL 

ANTHRAC 

BENAAN 

BENAPYR 

BENBFLU 

BENEPYR 

BGHIPER 

BENKFLU 

BIPHEN 

CHRYSEN 

DBAHANT 

FLUORAN 

FLUOREN 

1123CDP 

NAPH 

PERYL 

PHENAN 

WRENE 

LMWPAH 

HMWPAH 

TOTPAH 
36 PC6101 

PCBlOS 32598144 105 (2 3 3’4 4’) 

PC8118 31508006 118(23’44’5) 

PC8128 39380073 128 (2 2’3 3’4 4’) 

PC6138 35065282 138(22’344’5) 

PC%153 35065271 153(22’44’55’) 

PCB170 35065306 170 (2 2’3 3’4 4’5) 

PC818 37680652 18 (2 2’5) 

PC0180 35065293 180 (2 2’3 4 4’5 5’) 

PC8187 52663680 187 (2 2’3 4’5 5’6) 

PC8195 52663782 195(22’33’44’56) 

PC8206 40186729 206 (2 2’3 34 4’5 5’6) 

PCB209 2051243 209 (2 2’3 3’4 4’5 5’6 6’) 

PC028 7012375 28 (2 4 4y 

PC044 41464395 44 (2 2’3 5’) 

PC852 35693993 52 (2 2’5 5) 

PC866 32598100 66 (2 3’4 4’) 

PC88 34883437 8 (2 4) 

90120 

832699 _ 

581420 

91576 

83329 

208968 

120127 

56553 

50328 

205992 

192972 

191242 

207089 

92524 

218019 

53703 

206440 

86737 

193395 

91203 

198550 

85018 

129ocm 

NA 

NA 

NA 
37680732 

I-Methylnaphthalene 

I-Methylphenanthrene 

2,6Dlmethylnaphthalene 

Z-Methylnaphthalene 

Acenaphthene 

Acenaphthylene 

Anthracene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(e)pyrene 

Beozo(g,h,i)perylene 

Benzo(k)Huoranthene 

Biphenyl 

Chrysene 

Dibenz(a,h)anthracene 

Fluoranthene 

FlUOrelle 

Indeno(l,2,bcd)pyrene 

Naphthalene 

Pevlefle 

Phenanthrene 

Pyrene 

Low Molecular Weight PAH 

High Molecular Weight PAt 
Total PAHs” 

101 (22’355’) 

TOTPCB NA Total PC& 
3T ALDRIN 309002 Aldrin 

HCB 118741 Hexachlorobenzene 

MIREX 2385855 Mirex 

DDE-OP 3424826 a,~‘-DDE 

DDE-PP 72559 p,p’-DDE 

Lnerature source Of Log,&w values: 
! - 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4.61 b 

3.97 b 

5.08 b 

4.61 b 

3.97 b 

3.92 a 

4.05 b 

4.55 a 

5.70 a 

6.11 a 

620 a 

6.11 b 

6.70 a 

6.20 a 

3.96 a 

5.70 a 

6.69 a 

5.12 a 

4.21 a 

6.65 a 

3.36 a 

6.05 b 

4.55 a 

5.11 a 

4.09 c 

5.88 c 

4.98 c 

6.38 b 

6.65 b 

6.74 b 

6.74 b 

6.83 b 

6.92 b 

7.27 b 

5.24 b 

7.36 b 

7.17 b 

7.56 b 

8.09 b 

8.18 b 

5.67 b 

5.75 b 

5.84 b 

6.20 b 

5.07 b 

6.54 b 

6.50 a 

5.89 a 

6.89 a 

6.76 a 

6.76 a 

- e’ 1 .wmKoc 

4.53 
3.90 

4.99 

4.53 

3.90‘ 

3.85 

3.98 

4.47 

5.60 

6.01 

6.09 

6.01 

6.59 

6.09 

3.89 

5.60 

6.58 

5.03 

4.14 

6.54 

3.30 

5.95 

4.47 

5.02 

4.02 

5.78 

4.90 

6.27 

6.54 

6.63 

6.63 

6.71 

6.80 

7.15 

5.15 

7.24 

7 05 

7.43 

7.95 

8.04 

5.57 

5.65 

5.74 

6.09 

4.98 

6.43 

6.39 

5.79 

6.77 

6.65 

6.65 
- 

- :? I 

t 
1 

: 

2 

‘ 

1 
= 

KOC 

34034 

7994 

98610 

34034 

7994 

7139 

9581 

29712 

401218 

1014869 

1244171 

1014869 

3858158 

1244171 

7816 

401218 

3771812 

107954 

13763 

3445323 

2010 

885992 

29712 

105538 

10489 

596218 

79082 

1869907 

3445323 

1223767 

1223767 

5178095 

j348045 

4018127 

141645 

7185414 

1178667 

7024645 

9691234 

)9956271 

374878 

449293 

550808 

1244171 

96403 

!685963 

!453466 

616808 

i931301 

1419366 

1419366 
- 

a - Karickhoff and Long, 1995. 

b- Karickhoff eta/., 1989. 

c - Calculated value 

2 _ log,&& = 0.00028 + 0.983?ogroKow; Karickhoff et al., 1989. 

3 - LMW PAH = ten 2-ring &bring PAHs; HMW-PAH = eight 4-ring and &nng PAHs: Total PAH = sum of LMW and HMW PAHs (NOAA, 1991) 

LMW PAH, HMW PAH Kow = median of analyte specitic Kow, Total PAH Kow = mean of LMW, HMW PAH Kow 
4 - Sum of Congenen X 2 

NA= not applicable 



Table A-2.1A. Concentrations of chemical contaminants in surface sediment (O-15 cm) collected in the Derecktor ShipyardlCoddington Cove study area. 

RA investigation. 

AHs 

'CBS 

Silver 

Zinc 
SEM-AVS 
l&7-Ttimethyinaphthalene 
I-Methylnaphthalene 
I-Methylphenanthrene 

2,fGDimethylnaphthalene 
P-Methylnaphthalene 
Acenaphthene 
Acenaphthytene 
Anthracene 
Eenzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(e)pyrene 
Benzo(g.h,i)perylene 
Benzo(k)fluoranthene 
Biphenyl 
Chlysene 
Dibenz(a,h)anthracene 
Fluoranthene 
Fluorene 
tndeno(l.2.3-cd)pyrene 
Naphthalene 

Perylene 
Phenanthrene 
Pyrene 

Low Molecular Weight PAHs 
High Molecular Weight PAHs 
SumofPAHs 
TotalPCBs(Sum Congenersx2) 

8 % s 5 $ “0, m m 7 s 5 ?J s 3 c B b 9 s T E (8 % 5 i i 5 5 5 x z b 2 5 2 ; $ 5 6.36 9.43 11.60 8.68 12.46 10.30 10.22 10.93 7.39 9.66 3.39 11.21 7.41 8.94 7.58 6.79 11.43 
0.34 

55.00 
23.50 
35.90 

0.13 
21.00 
0.26 

110 

6.19 
10.93 

52.56 
27.20 
11.22 
41.74 
75.65 
302 
328 
396 

0.18 

53.50 
39.25 
40.40 
0.14 

20.50 
0.19 

102 

4.34 
7.83 

43.54 
18.85 
13.86 

12.21 
93.84 

268 

518 
434 

1.03 0.55 
103 80.50 
166 71.75 
151 77.70 
0.59 0.32 

43.50 24.25 
0.69 0.51 
547 169 

1.45 
86.50 

158 
186 
0.50 

34.75 
0.79 

393 

27.94 
50.07 

267 
112 

73.47 
189 
300 

1220 
2700 
2380 

1.20 
79.25 
61.25 
80.00 
0.47 

27.25 
0.74 
193 

19.25 

55.11 
1'14 

70.71 
88.19 

197 
91.94 

456 
897 

812 

0.76 
76.75 

60.75 
81.00 

0.40 
24.75 
0.51 

167 

7.90 

20.42 
32.53 
34.64 
36.86 
17.14 
71.00 
200 
281 
421 

0.72 

84.75 
66.75 

125 
0.37 

25.75 
0.81 

201 

7.89 
17.57 
51.57 
43.59 
32.08 
14.29 

131 
298 
388 
495 

417 
287 
1100 
15.37 

491 
72.22 

535 

25.73 
264 

42.67 
150 
182 
917 
660 

5298 

5978 
201 
0.10 
0.08 

0.71 
0.28 

0.19 0.32 
46.50 64.25 
17.25 33.50 
40.00 47.60 
0.13 0.15 
18.25 20.50 
0.24 0.29 

72.25 106 

0.09 

24.25 
1.88 

14.00 
0.07 

5.00 
0.07 

28.50 

0.16 
0.37 
0.50 
1.69 
0.65 

0.23 
0.61 

1.60 
2.76 
4.14 

0.40 

83.25 
54.00 
78.80 
0.38 

25.75 
0.56 
144 

6.41 
16.71 
33.92 

46.60 
23.00 
11.00 
74.94 

158 
222 

319 

275 
195 
700 

10.50 
287 

48.30 

345 
18.02 
178 

34.06 
97.64 

138 

482 
433 

3286 
3719 

113 
0.10 

0.06 
0.37 
0.25 

0.32 
56.50 
27.00 
56.90 
0.28 

16.75 

0.33 
93.50 

0.25 0.18 
66.00 56.50 
28.00 20.00 

62.20 54.00 
0.26 0.15 

22.00 17.75 
0.16 0.26 
109 97.25 

0.50 
44.50 
29.75 
42.10 
0.19 
17.25 
0.21 

100 

4.66 
9.41 

38.26 
17.33 
16.33 
16.20 
95.65 
234 

234 
317 

333 
184 
836 
6.02 
444 

52.77 
779 

19.09 
166 

21.00 
78.70 

304 
1130 

478 
4917 

5395 
84.13 

0.10 
0.08 
0.23 
1.07 

0.18 

36.75 
9.25 
17.00 
0.02 

14.50 
0.07 

47.25 

0.45 
1.27 
2.22 

2.36 
2.01 
1.71 
0.77 
11.10 
13.76 
18.55 

19.44 
12.18 
47.26 
0.66 

20.65 
3.18 

37.83 
2.09 
11.44 
1.84 
7.31 

20.16 
49.54 

26.49 
261 
288 

13.75 
0.10 

0.08 
0.10 

0.40 

7.87 

20.47 
61.44 
38.46 
32.72 
23.89 

142 
383 
809 

8.41 
19.85 

38.57 
34.23 
43.87 
17.27 
74.63 

183 
294 
377 

362 
247 
911 

12.61 
364 

66.60 
459 

31.45 

223 
37.54 

133 
220 
650 
502 

4308 
4809 

134 
0.10 
0.06 
0.17 
1.67 

2.04 
5.11 
8.88 

3.91 
3.66 

3.31 
11.85 
31.49 
50.03 
67.85 

63.45 
50.33 

155 
3.18 

58.78 
12.41 
95.23 
8.57 

45.31 
10.87 
23.32 
46.16 

107 
103 
776 

879 
33.93 
0.10 

0.08 
0.10 

0.63 

4.43 
12.70 

18.31 
9.56 

24.22 
8.55 

28.68 
64.35 

101 
148 

4.74 
12.63 
39.80 
18.82 

17.64 
7.41 

34.51 
141 
144 
164 

140 
126 
308 
5.79 
154 

28.80 
282 
9.74 

100 
26.88 
53.2s 
83.10 

362 
319 

1326 
2245 

99.90 
0.10 
0.08 
0.36 
0.10 

4.04 

9.17 
30.93 

18.31 
13.96 

6.53 
25.08 

94.02 
112 
120 

112 
94.65 

260 
5.70 

107 
21.03 
230 
6.42 

80.23 

23.22 
51.09 

67.14 
254 

237 
1509 

1746 
59.33 
0.10 
0.08 

0.34 
0.10 

4.57 

9.27 
20.22 
14.31 
15.17 
10.15 
22.52 

77.19 
97.70 

143 

126 
96.67 

302 
5.64 
120 

27.35 
216 

14.73 

91.26 
23.68 

51.92 
116 

227 
217 
1615 
1832 

58.16 
0.10 
0.08 
0.10 
0.71 

345 
200 
877 
6.83 
485 

60.86 
490 

44.13 

135 
17.98 

104 
283 
584 
597 

4348 
4944 

93.61 
0.10 
0.08 
0.10 
0.10 

823 
500 

2240 
15.06 
912 
131 
801 

61.63 
473 

41.75 
249 

335 
1950 

828 
10153 

10981 
3310 
0.10 
0.12 

2.5s 
65.22 

773 
452 
1640 

23.76 
716 
130 

1490 
177 
398 
136 
207 

1270 
1750 

1429 
10334 
11763 

315 
0.10 

0.08 
5.03 

5.66 

141 
97.80 

348 
6.42 
128 

26.45 
208 

13.92 
93.27 
22.27 

61.03 
110 
250 
213 
1712 
1925 
64.58 

0.10 
0.08 
0.29 
0.90 

5.02 
4.12 
10.95 
0.42 
3.63 
0.92 
7.22 

0.58 
3.15 
0.66 
2.11 
3.69 
8.45 

7.46 
54.18 

61.65 
6.70 

0.10 
0.08 
0.10 
0.26 

201 
999 
6.86 
532 

81.34 
688 

53.89 
203 

16.16 
133 
317 

740 
539 

5256 
5795 
98.24 

0.10 
0.12 
0.19 
1.52 

1110 
5350 
29.91 
2800 
317 

4970 

234 
1020 
76.08 
511 
1610 
5300 
2639 

30118 

32757 
546 

0.10 
0.16 
0.10 
4.96 

215 
1040 
14.41 
399 

62.93 
399 

28.12 
218 

45.30 
142 
218 
846 
509 

4640 
5149 

221 
0.10 

0.08 
0.33 

3.83 

'esticides Aldrin 

Hexachlorobenzene 
Mirex 
o,p'-DDE 

0.87 0.61 7.00 2.03 6.29 4.44 
1.78 1 .A7 3.72 4.0, 6.00 3 79 

=ng/g. 
and DSY-29FD samples:see ERA Table A-1-5.2. 

1.95 2.38 0.42 0.96 0.03 2.60 1.35 1.29 0.73 1.14 0.08 
3.84 3.57 1.66 3.18 0.61 3.54 2.21 3.07 2.55 1.47 0.81 

MeanTOC%' 
2.78 

l&p'-DDE 
TOC ) %TOC 

Inits: Metals=ug/g; PAHs, PCBs and Pestick 
-TOC value for DSY-29 = average for DSY-: 
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Table A-2.16. Concentrations of chemical contaminants in surface sediment (O-2 cm) collected in the Derecktor ShipyardlCoddington Cove study area. 

il Investigation' 
/ 

Class Analyie 
etsls tArsenic 

0.20 0.15 1.00 0.12 0.22 0.21 0.17 0.19 0 85 0.07 0.31 0.23 0.04 1.80E.03 0.05 0.03 0.04 0.22 
72.28 55.45 57.34 107 95.99 

45.52 
35.39 

152 
197 
181 

195 
262 
201 

84.79 
62.84 
51.35 

106 
52.29 
43.30 

109 
57.77 
48.58 

7930 
27.93 
31.70 

103 
7601 
50.60 

65.30 
3.99 
14.86 

60.85 
12.47 
22.13 

132 
81.46 
46.08 

114 
53.87 
45.99 

56.46 
18.09 
35.20 

6054 
7.75 

28.94 
18.61 6.41 17.23 81.67 
42.03 31.53 32.90 6023 

40.40 16.87 9.16 1013 4.44 5.90 2536 22.79 23.07 7.91 25.28 23.20 11.74 
1.58 0.06 0.05 0.05 0.05 0.05 0.16 0.40 0.88 0.08 0.12 0.12 006 
161 89.48 67.60 83.13 48.32 71.29 163 139 158 175 143 141 98.08 

0.17 0.25 0.19 0.21 
105 99.23 142 106 

86.91 79.68 29.66 51.26 
57.82 76.91 41.83 52.53 

1.01 0 4.30 
0 0 0 

228 311 421 
0 0 0 
0 0 0 

14.84 0 17.13 
167 0 64.80 
753 799 922 

4.19 
14.95 
15.41 
3.04 

20.10 
7.12 

7.06 
78.68 
2868 
1.18 

35.18 
10.79 

30.23 42.38 
99.90 130 

198 272 
110 182 
159 252 

88.94 146 
134 215 

49.44 
54.19 

0.01 
71.90 
14.43 
39.15 

9.73 3.28 
35.72 10.82 

108 9.02 
539 3.48 

5340 14.56 
21.57 2.20 
65.31 31.85 

166 38.28 
414 8615 
239 54.52 
318 69.42 
187 38.05 
310 61.29 
118 106 

10.93 2.67 
234 57.66 
117 16.11 
827 224 

Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Silver 
Zinc 
SEM-AVS 
1.6.7.Trtmethylnaphthalene 
1-Methyinaphthalene 
I-Methylphenanthrene 
2.6Dimethylnaphthalene 
P-Methylnaphthalene 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)Ruoranthene 
Benzo(e)pyrene 
Senzo(g,h.l)perytene 
Benzo(k)fluoranthene 
Biphenyl 
Chlysene 
Dibenz(a.h)anthracene 
Fluoranthene 
Fluoreol? 
Indeno(l,2.3-cd)pyrene 
Naphthalene 
Peryfene 
Phenanthrene 
Pyrene 
Low Molecular Weight PAHs 
High Molecular Weight PAHs 
SumofPAHs 

ZBS TotalPCBs(SumCongeneox2) 
zsticides Aldrin 

Hexachlorobenzene 
Mirex 

38.60 85.28 128 37.41 3835 40.84 3741 40.24 33.90 31.42 168 
0.60 0.82 1.27 13.78 2.32 1.59 5.41 1.74 0.73 0.56 1.22 
149 593 1231 190 173 175 119 184 58.82 63.84 1104 

2.36 10.10 
6.84 0.50 

27.68 368 
6.56 7.55 

0 2.47 
18.26 63.47 
58.86 427 
201 1330 
166 7380 
164 3320 
358 10100 
273 5140 

97.41 2070 
224 2070 
5.01 12.81 
406 4980 

21.20 784 
1050 12000 
42.73 439 
99.85 1720 
0.27 1.97 

57.17 1050 
305 3990 
794 9390 
369 2662 

4013 63994 
4383 66656 
67.58 209 

0 0.06 
0 0.24 
0 0 

0.98 5.71 

51 69 0 10.33 3.91 4.02 11.00 0 
9.71 0 1.75 0 3.47 0.12 0 
441 15.40 42.66 14.03 34.59 81.87 4.33 

23.04 0 3.35 0 1.79 1.89 0 
8.22 0 4.74 0 0 2.37 0 
193 0 12.70 18.16 18.28 11.93 0 
867 89.27 26.56 24.85 28.05 37.66 2.74 

3360 280 129 203 161 181 18.58 
10800 414 378 405 277 562 34.55 
4710 431 402 488 302 481 49.13 
9230 646 683 801 399 674 6728 
5600 443 404 452 303 487 53.22 
3060 272 313 355 233 328 19.41 
1980 489 248 287 245 294 55.60 
40.77 0.62 Il.03 8.90 1.66 11.37 0 
8390 764 479 603 376 624 70.60 
1460 93.38 85.16 89.09 52.05 118 14.98 

13600 886 644 788 831 818 114 
a59 25.15 42.69 55.07 5358 53.58 4.86 

1.01 8.15 0 0 161 
0 10.97 9.85 0 6.92 

1.27 51.06 21.94 59.80 4.16 
0 12.33 7.35 0 0.73 

0.74 8.93 0.98 0 11.32 
2.29 20.89 10.01 0 1 .oo 
1.03 57.61 95.69 1.99 8.33 

17.37 254 284 59.38 15.76 
26.14 274 185 28.21 40.13 
38.47 206 249 43.73 26.07 
70.46 381 438 80.42 34.34 
40.07 257 388 51.55 20.86 
29.52 132 226 41.20 32.57 
24.16 245 347 130 13.19 

0 18.53 13.32 0 1.85 
47.47 538 523 140 27.18 
9.34 28.43 35.93 9.31 11.72 

94.27 1320 817 117 68.58 
0.92 74.94 48.75 0 a.49 
la.33 132 168 3645 25.85 
1.30 11.75 12.71 0 5.15 

22.57 95.53 131 41.60 1632 
21.15 392 263 41.00 52.73 
93.92 990 723 113 6798 
26.53 528 504 121 6532 

536 4991 4494 873 436 
562 5519 4998 994 501 

11.73 658 176 22.32 2298 
0 0 0 0 0 
0 0 0.06 0 0 
0 0 0 0 0 

0.74 8.71 2.43 0.75 042 

2.94 0 8.02 3.82 0 3.53 0 
1336 165 147 203 116 203 17.40 
4890 217 224 264 385 309 41.14 
10100 710 518 801 681 758 79.30 
5856 391 293 332 307 396 30.51 

72956 5532 4526 5336 4198 5856 817 
78812 5922 4818 5668 4505 6252 647 

733 195 105 132 73.36 148 28.15 
0 0 0 0 0 0 0 

0.17 0 0 0 0 0.06 0 
0 0 0 0 0 0 0 

3.81 4.03 2.92 2.59 1.54 2.10 0.38 

1.82 
2.36 

21.19 
0.87 

0 
0 

82.13 
0 
0 
0 

32.21 
213 
188 
311 
477 
265 
163 
243 

0 
387 

0 
0 

177 
0 
0 
0 
0 

1.46 
1.05 
2.78 
7.83 
14.48 
11.76 
2017 
11.44 
13.71 
32.56 
1.50 

13.57 
3.62 

34.36 
4.96 
9.44 
2.59 
12.63 
la.25 
41.29 
4821 
237 
285 
9.40 

257 
134 
245 
324 
221 
165 
230 

0 
444 

698 399 1420 
1190 496 880 
1890 
1020 
583 
899 

1500 
743 
280 

47.04 75.13 
5.62 9.36 

20.50 
464 

64.18 
477 

9.37 
1460 
243 
1590 
92.44 
529 

0 

2300 
0 

1580 
56.80 

122 
43.99 

0 
143 

0 
130 
112 
496 
434 

2442 
143 

5850 325 
216 29.36 

0 
90.70 

63.94 18.21 
226 45.89 

311 
627 

276 
9.13 

3129 
3563 
54.84 

0 
006 

0 
1.57 

201 
409 
351 

3418 

300 
1400 

193 
63.36 
550 

78.14 
164 

15.99 
95.81 
548 
514 

3769 
244 

1540 
1266 
12860 
14126 

293 
009 
0.10 
0.39 
4.34 

0 
0.07 
017 
0.65 

1050 
576 
260 
791 

0 
1170 
39.28 
1830 

0 
255 

0 
244 
550 

1550 
1110 
9212 
10322 
217 

0 
0.10 
0.23 
2.39 

3820 
1654 

20406 
22060 

387 
0.18 
0.12 
032 
626 

99.71 
2.98 

54.42 
171 
373 
233 
1923 
2156 
92.31 

0 
0.24 
0.09 
1.18 

437 
3271 
3708 
178 

0 
0.08 
0.28 
253 

11.92 
118 
478 
823 
551 

4409 
4960 
150 
0 

1.47 
0.22 
1.58 

1.65 
26.20 

150 
198 
136 

1162 
1298 
25.87 

0 
0 
0 

0.30 
0.18 3.13 13.61 0 1.75 2.12 3.58 1.82 0.78 3.46 1.45 2.51 0.63 0.40 1.20 0.36 0.44 0 1.79 0 0.76 2.02 3.71 0.47 
2.06 1.30 2.63 3.17 6.70 4.37 2.67 4.63 1.51 1.53 817 5.33 0.64 1.01 2.06 0.28 1.01 2.95 4.21 3.29 1.15 2.94 2.86 1.40 

-Wit/Q. MeanTOy/. 
2.74 

IL: Metals=~g/g;PAHs,PCBsand Pestio 
1 -Quinn etal.,(lQg4) 



Table A-2.1 C. Concentrations of PCB congeners and calculation of Total PCBs in surface sediment (O-l 5 cm) collected in the 
Derecktor ShipyardlCoddington Cove study area. 

rnr :- ..--. :--A:-- I== 
c 
P 

CKA In”eJl,gaLI”II. 
u-l 
? 9 F ? (5, 2 s 7 

5 2 ii E 
z 2 s 9 pm 4 2 b aI 

s >: ’ z s 
lass Analyte Lz E g iii 2 8 E? 2 i 8 5 2 8 
CBS PCBIOI 6.48 5.72 220 5.51 16.70 19.00 12.75 14.32 1.74 2.87 0.51 6.73 6.36 2.80 2.09 3.93 0.52 

PCB105 1.75 1.82 137 2.04 6.61 7.04 4.39 2.63 0.56 0.79 0.04 1.37 1.41 0.58 0.54 1.55 0.11 
PCB118 5.02 6.20 242 7.09 18.38 19.56 13.74 11.28 2.34 3.51 0.14 6.11 5.30 2.49 2.25 4.85 0.36 
PCB128 1.37 1.34 73.00 1.89 5.14 6.25 3.07 3.14 0.55 0.87 0.04 1.86 1.77 0.83 0.60 1.42 0.23 
PCB138 5.92 7.21 265 10.86 27.04 26.57 16.11 15.16 2.89 4.86 0.14 9.08 7.39 5.13 4.14 7.10 0.59 
PCB153 4.37 6.16 174 9.97 22.80 20.54 14.43 12.23 2.72 4.81 0.21 8.00 5.85 4.46 4.42 5.87 0.52 
PCB170 0.89 1.53 44.16 3.13 7.25 6.29 3.83 2.30 0.80 1.39 0.13 1.75 1.40 1.34 1.52 1.71 0.17 
PCB18 0.67 0.79 8.36 0.45 0.68 1.30 1.34 0.91 0.26 0.24 0.02 0.49 0.34 0.68 0.25 0.34 0.27 
PCB180 1.86 2.74 53.17 5.77 13.79 11.57 6.80 4.52 1.50 2.46 0.28 3.20 2.54 2.52 2.77 3.46 0.33 
PCB187 1.81 1.92 25.82 3.94 8.54 7.02 4.66 4.26 1.19 1.89 0.08 3.40 2.40 1.91 1.85 2.26 0.29 
PCB195 0.16 0.51 2.93 0.96 3.83 1.01 1.80 0.53 0.19 0.49 0.09 0.32 0.18 0.27 0.57 0.56 0.17 
PCB206 1.52 2.13 7.45 3.12 17.39 6.27 4.33 2.68 1.12 1.81 0.44 2.23 2.79 1.12 1.93 2.39 0.69 
PCB209 0.91 2.04 5.05 3.99 105 6.62 4.50 4.34 1.29 1.98 0.38 2.40 3.10 1.55 2.07 2.84 0.79 
PCB28 2.06 1.26 12.92 1.50 1.66 2.54 3.67 2.61 0.57 0.88 0.24 1.27 0.76 0.56 0.79 0.67 0.20 
PCB44 2.04 1.98 65.05 1.47 3.94 4.49 3.69 2.59 0.54 0.85 0.36 1.12 1.05 0.47 0.93 0.80 0.52 
PCB52 3.21 3.62 130 2.85 9.69 9.22 7.23 4.43 0.96 1.37 0.51 1.37 2.10 0.71 1.20 1.47 0.73 
PCB66 6.16 1.63 180 1.65 3.87 0.94 2.72 11.28 0.46 0.88 0.12 5.36 4.77 2.08 0.90 0.71 0.24 
PC88 0.59 0.53 5.64 0.66 0.60 1.22 1.43 1.23 0.29 0.33 0.06 0.60 0.46 0.17 0.26 0.15 0.17 
SUMPCB 46.81 49.12 1650 66.85 273 158 110 100 19.97 32.29 3.35 56.64 49.95 29.67 29.08 42.07 6.88 
TOTPCB 93.61 98.24 3310 134 546 315 221 201 39.93 64.58 6.70 113 99.90 59.33 58.16 84.13 13.75 

TOC % TOC 1.79 1.47 3.73 4.01 6.09 3.79 3.84 3.57 1.66 3.18 0.61 3.55 2.21 3.08 2.55 1.48 0.81 
In&.. cm-D.- --nn,,l An. ,.I+ 

L 
II,,,La. I "UJ -1 ,y,y "I J ""l. 
SUMPCB = Sumof congener concentrations. 
TOTPCB=TotalPCBs-SUMPCBx2. 



Table A-2.2. Geotechnical characteristics of reference sediments 
in Narragansett Bay, Rhode island. 

Site Station Depth %Sand %Silt %Clay %TOC 
MCL JCC-Dl SUR 92.14 6.67 1.19 0.84 
MCL JCC-Ml SUR 90.49 7.63 1.88 0.85 
MCL JCC-Sl SUR 75.02 10.30 14.67 2.07 
DSY JPC-1 SUR 88.10 11.90 0 1.06 
DSY JPC-2 SUR 66.65 33.17 0.18 1.71 
AH JSC-Dl SUR 99.88 0.12 3.74E-05 0.45 
AH JSC-VI SUR 97.49 2.50 0.02 0.67 
AH JSC-WI SUR 94.12 5.88 0 0.65 
AH PCC-Dl SUR 99.99 6.21 E-03 1.87E-05 0.39 
AH PCC-VI SUR 86.52 13.43 0.05 1.60 
AH PCC-WI SUR 97.02 2.94 0.04 

Mean: 89.77 8.60 1.64 
S.D. 10.53 9.32 4.37 

ACL = McAllister Point Landfill ERA (SAIC and URI, 1997a) 

1.36 
1.06 
0.55 

AH = Allen Harbor Landfill ERA (SAIC, 1996) 
DSY= Derecktor Shipyard ERA (SAIC and URI, 1997b) 
Data Sources: SAIC, 1996 (JSCIPCC - Allen Harbor ERA reference locations), 
Appendix A-l-l (sediment concentrations) and A-l -3 (porewater concentrations); 
SAIC and URI, 1997a (JCC - McAllister Point ERA reference location), 
Appendix A-l-l-l (sediment organic chemistry), A-l-2-1 (sediment metals chemistry), 
and A-l -2-3 (porewater metals chemistry); and 
SAIC and URI, 1997b (JPCKHC - Derecktor Shipyard ERA reference locations), 
Appendix A-l-l (sediment chemistry) and A-l-2 (elutriate chemistry). 



Table A-2.3. Lipid and solids content data for species collected for the Derecktor Shipyard ERA. 

FIELDID 
DSY-24 
DSY-25 
DSY-26 
DSY-27 
DSY-28 
DSY-29 
DSY-31 
DSY-32 
DSY-33 
DSY-34 
DSY-35 
DSY-36 
DSY-37 
DSY-38 
DSY-39 
DSY-40 
DSY-41 
JPC-1 
CHC-1 
Species Mean 
N 

Mean % 
solids/lipid conten 

CN = cunner, HC 
MF = mummichog. 

CNlMF 

0.15 

0.17 
0.16 

0.15 

0.17 
0.15 
0.16 
6.00 

Sol1 
HC 

0.14 

0.15 

0.15 
2.00 

- 
j conten 

IBM 
0.09 
0.09 
0.13 
0.13 
0.11 

0.14 
0.12 

0.14 

0.11 
0.10 
0.11 
10.00 

qigjTi 
LOB 

0.15 

0.15 
0.14 
0.14 

0.17 

0.15 
0.14 

0.11 
0.15 

0.12 
0.13 
0.14 
11 .oo 

z wt) 
I 

MM 

0.18 

0.18 
1 .oo 

PM CN 

9.09 

11.40 
8.69 

0.09 
0.11 
0.09 
0.10 
0.12 
0.07 
0.03 
0.10 

0.12 
0.09 

0.09 
10.00 

8.37 

‘12.47 6.07 2.53 
11.83 4.28 2.28 
10.31 5.45 2.38 
6.00 10.00 11.00 

0.14 

lard clam, IBM = indigenous blue mussels, LOB = lobster, MN Mercenana mercenana , PM = Pitar morrhuana, 

Li 
IBM 
5.41 
4.44 
5.40 
6.77 
5.40 

- 
I content 

LOB 

2.53 

2.33 
2.83 
2.44 

2.51 

5.00 2.36 
5.37 1.79 

2.57 
2.02 

6.31 

4.59 

MM PM 

2.01 

2.79 
3.25 
3.21 
3.69 
2.40 
2.40 
1.10 
4.03 

2.14 
2.59 

2.25 
3.00 

2.11 
0.93 

2.59 
10.00 
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Table A-2.4. Concentrations of selected contaminants in tissues of prey in the Derecktor ShipyardlCoddington Cove study area available 
for consumption by avian predators and subsistence fishermen’. 

- 
5 
$ 
& 

-a- 
29.64 
0.36 
1.66 
152 
0.16 
0.26 

- 

1.52 
5.4, 

67.97 

3.76 3.76 3.76 
6.87 5.67 6.67 
8.05 8.05 9.05 
5.25 6.25 26.95 
940 9.40 9.40 
2.65 26.90 67.31 
2.69 2.89 49.52 
6.00 8.00 64.97 
3.36 12.70 75.61 
3.62 19.19 3.62 
6.20 4629 129 
3.90 21.70 88.63 
I .56 19.50 1.56 

5.79 
5.26 
0.49 
100 
1.95 
1.54 
1.69 
3.50 
9.45 

65.64 
36.92 
199 
186 
466 
0.15 
0.29 
0.75 
0 15 

-3% 
G 
ktaar, 

14.20 
16.40 
0.49 

31.80 
24.19 
14.20 
1 .a* 
3.50 

40.90 
21.39 
115 
101 
322 
*ZOO 
OAO 
0.15 

3.62 

5.70 
69.45 
0.49 
343 
1.95 
1.54 
1.69 
3.60 

77.74 
271 
273 
762 
1250 
,790 
9.16 

4052 
5.92 

11.43 
12.55 
52.71 - 

1 
3 

-L.. 19.22 
1.86 
3.15 
4.16 
5.9, 
0.28 
5.44 

,005.9 
76 33 

9.76 

9.62 
43.97 

2.65 
11.51 
17.73 
15.25 
7.9, 

43.30 
36.94 
2064 

5.70 
20 76 
7.92 

68.94 
6.96 

11.87 

23.91 
49.23 
62.67 
159 
364 
615 
0.16 
0.15 
3.55 
4.23 

7.85 
13.52 
rz 

g 
$ 
t P 

3.76 
1326 
93.72 
12.66 
12.29 
2.65 
2.69 
4.15 

24.39 
24.96 
58.37 
20.12 
11.71 

8 08 

2 

$ 

.z- 
8.94 
0.61 
2.02 
8.32 
9.94 
9.17 
2.97 
09soi 
74.94 

3.76 
5 67 
9.05 

47.15 
940 
151 

31.2, 
49.24 
53.66 
3.62 

70 87 
59.32 
t.fi* 

5.70 
37 35 
0.49 
171 
1.95 
1.54 
1.66 
3.50 

47.36 
163 
29* 
429 
672 
669 
0.15 
230 
2.06 
10.76 

1568 
,695 - 

? 
G L 5.21 
0.54 
2.29 
8.91 
1.34 
0.16 
2.07 

.OOE-01 
164 

3.76 
5.67 
9.05 
5.25 
949 
2.65 
289 

33.4, 
59.92 
3.62 

69.90 
46.64 
1.66 

5.70 
39.26 
0.49 
119 
t.95 
I.54 
1.69 
3.59 

49.99 
117 

92.96 
337 
543 
766 
0.16 
0.15 
9.66 

15.16 

%- - 

E 
84 
*? 
c 

LL.- 
4.92 
0.59 
1.74 

10.92 
2.77 
0.15 
2.17 
I.38 
113 

1 

2 
g 

-L 
12.43 
093 
2.63 
9.44 
1.47 
0.10 
1.74 

.OOE-04 
122 

8 
$ 
ii La..- 22.25 

0.16 
1.99 

60.35 
9.47 
9.23 
1.74 
3.43 
105 

1 

H A >I -s- 
9.62 
071 
2.13 

IO.14 
1.66 
0.12 
z.4, 

.ODE-04 
9Z.42 

3.76 376 3.76 3.76 4 76 3 76 
5.67 6.67 11.56 5 67 5.67 6.67 

60.79 9.05 66.9, 159 125 9.99 
5 25 525 5.25 525 5.25 19.25 
9.40 9.49 13.77 9.40 9.40 9.40 
2.65 2.65 265 2.93 265 2.65 

13.52 269 2 69 2.99 2 99 289 
27.53 9.00 6.90 13.37 19.92 25A9 
79.21 3.96 3.36 35.25 46.15 31.11 
42.60 3 62 362 22.19 22.44 3.62 
94.37 6.20 22.97 35 59 46.65 66.03 
3.90 3.90 11.99 3.90 3.90 52.26 

34.22 1.66 1.56 13.25 11.20 44.15 

670 
59.73 
0.49 
15* 
1.95 

26.87 
1.66 

10.24 
28.75 
182 

85.49 
516 
*12 
367 
0.15 
0.34 
1.06 
0.15 

2.52 

5.70 14.24 5 70 
5.26 5.26 42.27 
9.49 049 0.49 

67.34 32.14 57.16 
1.95 1.95 5.19 
1.54 1.54 8.78 
168 35.20 1.68 
3.50 3.50 5 32 
9.46 1964 14.31 

96.36 53.14 55.67 
96.02 94.30 49.66 
168 96 9, 219 
176 302 470 
638 469 524 
0.15 0.16 0.15 
9.15 0.49 1 14 
2.70 1.55 0.66 

19.26 0.15 0.15 
12.86 6M &$rL 
20.56 300 53.80 - - - 

5 70 
24.42 
0.49 

73 59 
5.21 
789 
1.68 
3.91 

35.14 
77.45 
76.79 
244 
501 
3.11 
0 15 
9.62 
0.66 
015 

is- - 

5.79 
40.24 
0.49 
195 

11.62 
1039 
l.6S 

41.71 
79.56 
95.4, 
259 
505 
696 
0.15 
9.15 
132 
3.94 

1z.15 
9.19 - 

3.76 
5.67 

5.25 
9.40 
265 
2.99 

30.36 
133 

44.99 
129 
3.99 

25.77 

5.70 
67.37 
0.49 
179 
1.95 

20.43 
1.69 

23.90 
197 

72.72 
621 
959 
951 
0.15 
0.97 
9.48 
3.83 

299 
47.9, 

3 

4 1 

I : I 3 

3 
1 

3.76 

9.05 
5.25 

2.65 
2.99 
3.11 
3.36 
9.62 
620 
3.99 
1.56 

5.70 
626 
0.49 

32.98 
1.95 
4.54 

3.50 
13.19 
24.59 
23.78 
70.20 
74.00 
317 
9.15 
1 26 
0.59 
0.15 

- 
3.99 - 

4 1 I 

9.40 
2.65 

59.11 
167 
290 

73.10 
393 
23.4 

29.20 

12.69 
297 
0.49 0.49 

72.90 
1.95 
1.54 

12.00 
H.89 
32.15 
124 

69.07 
285 
665 
961 
9.15 
1.16 
0.65 
0.15 

-E- - 

272 
619 
651 
2639 
3970 
1150 
0.15 
9.15 
202 
8.95 

11.89 
977 - 



Table A-2.4 (continued). Concentrations of selected contaminants in tissues of prey in the Derecktor Shipyardlcoddington 
Cove study area available for consumption by avian predators and subsistence fishermen’. 

1 

I 1 

- 

6 
6 
? 
ii 

-CL- 
3.59 
0.97 
0.85 
15.54 
0.87 3 
0.15 
143 

.*om4 1 
5d89 

3.76 

209 
525 

2.86 
*.*9 
6.00 

3.62 
8.20 
3.90 
1.56 

5.70 

048 
18.61 
1P.96 
1.54 

10.44 
18.65 
46.77 
62.14 
72.31 
526 

1130 
0.97 
0.15 

4% 
ic.(ng 

1 

$ 
z 

0 
6.15 
0.59 
2.64 
7.04 

,.OOE-@ 
0.18 
4.33 

.005-m 
84.56 

3.76 

6.79 
4.55 

2.65 
15.30 
29.00 
30.26 
12.53 
70.95 
48.5, 
,006 

5.70 

26.31 
85.28 
80 27 
274 
498 
895 
0.15 
0.15 
2.94 
4.55 _ ._ 

- 

8 

ii 

% 
A-- 
19.84 
OOEo4 
1 .?I 

49.15 
0.34 
0.33 
1.46 
2.8, 1 
115 

3.76 

9 05 
5.25 

265 
2.89 
5.29 
3.36 
3.52 

30.77 
3 90 
I.56 

5.70 
526 
0.49 

38.65 
1.85 
1.54 

3.50 
l&54 
43.14 
31.32 
94.52 

136 
e40 
0.15 
0.42 
0.36 
3.59 

4.10 
1.00 - 

- 

ii :: 
-&- 

7.43 
0.83 
2.45 

11.96 
219 
0.15 
1 .e, 

.OOLO 
121 

3.76 
6 6, 
120 
5.25 
9.40 
2.65 
2.89 

28.89 
mts 
32.32 
90.62 
3.90 

14.52 

5 70 
51.24 
049 
124 
1.95 

10.89 
1.5e 

16.59 
31.69 
t,* 

80.23 
380 
704 
493 
0.15 
2 82 
0.41 
2 80 

- 
67.14 

I 

B 
< 

ii 
P 
7.43 
064 
1.73 
8.93 
2.9, 
0.15 
1.5, 
0.65 
,06 

3.76 

9.05 
5.25 

2.65 
2.89 
10.14 
55.08 
23.14 
59.08 
8.20 

26.35 

5.70 
37.63 
0.49 

,4.,9 
1.95 
1.54 

25.61 
27.39 
83.17 
45.02 
275 
430 
42, 

0.20 
2.09 

a 

3.76 
5 6, 
9.05 
5.25 
8.40 
2.55 
2.89 
284 
3.36 
3.62 
6.20 
3.90 
1.56 

5.70 
5.26 
0.49 
16.55 
1.95 
154 
1.68 
3.50 

,0.05 
904 

31.46 
38.32 
38.00 
291 
0.15 
0.58 
0.30 
0.15 

* 

376 
5.6, 
9.05 
13.09 
9.40 

67.41 
32 51 
8.00 

17.76 
3.62 
6.20 

44.38 
23.08 

5.70 
19.70 
33.15 
40.91 
1.95 

27.86 
1.66 
3.50 
9.45 

43 41 
130 
158 
363 
4.31 
0.15 
0.93 
3.21 
8.64 

9.82 
8.66 - 

- 

8 

8 

z 
D 
18.66 
0.30 
164 
187 
0.18 
0.41 
1.48 
0.62 1 
129 

3.76 
5.67 
905 
5.25 
9.40 
2.55 
2.89 
1.80 
3.36 
3 62 
8.20 
3.80 
156 

5.70 
5.26 
0.49 
9.23 
1.85 
1.54 
1.68 
3.50 
746 

10.56 
27.82 
32.52 
29.00 
643 
0.15 
0.63 
0.81 
7.09 

2.39 
3.00 - 



Table A-3.1A. Equilibrium-partitioning calculated concentrations of organic contaminants in sediment porewaters 

from the Derecktor ShipyardKoddington Cove study area’. 

MET Cadmium 

MET Chromium 

MET Copper 

MET Lead 

MET Mercury 

MET Nickel 

MET Silver 

MET Zinc 

MET SEMIAVS -21.70 -2.09 -164.35 -55.48 -175 50 -19.50 47.27 -14.51 1.07 -20 09 -0 32 -35.50 0.38 -27.67 -19.24 -16.62 -3.21 

PAH 1,6,7-Trimethylnaphthalene 0.01 6,66E-03 6.22E-03 6 ,6E-03 0.01 0.0, 6.04E.03 6.4X-03 3.6X03 4 OBE-03 ,.BOE-04 5.32E.03 630E-03 3.66B03 5.26E-03 %32E-03 ,.63E-L 

PAH I-Methylnaphthalene 0.00 0.07 0.07 0.06 0.10 0.16 0.07 0.06 0.04 0.05 7.53b03 0.06 0.07 0.04 0 05 0.06 002 

PAH I-Methylphenanthrene 0.03 0.03 0.02 BEE-03 0.05 0.03 6.5s03 0.01 5.4X-03 5.64E-03 6.35B04 9 72E-03 0.02 0.01 6.04E-03 0.03 2.778-t 

PAH 2.6.Dimethylnaphthalene 0.04 0.04 0.03 0.03 0.06 0.05 0.03 0.04 0.02 6.63E.03 6.14E.03 0.04 0.03 0.02 0.02 0.03 6.5%, 

PAH 2-Methylnaphthalene 0.06 0.12 011 0.14 015 0 29 0 12 0.11 0.07 0.10 0.0, 0 08 0.10 0.06 0.07 0 14 0.03 

PAH Acenaphthsne 0.33 0.12 0.09 0.06 0.44 0.73 0.06 0.06 003 004 5 24B03 0.M 0.05 0 03 0.06 0.15 0.03 

PAH Acenaphthylene 0.44 0.67 0.40 0.10 0.52 0.25 0.19 0.36 0.07 0.09 0.01 0.22 0.16 0.00 0.09 0.66 9 92E-t 

PAH Anthracene 0.57 0.61 035 0.15 0.68 040 0.16 020 0.06 0.07 6.611.03 015 0.21 0.10 0.10 054 0.05 

PAH Benzo(a)anthracene 0.05 0.00 0.05 0.02 0.11 0.05 0.02 0.03 7.51E.03 ,.@lE-03 l.l3E-03 0.02 002 0 06E-03 9.55B03 0.04 4.23E.C 

PAH Benzo(a)pyrene 0.02 0 03 0.02 9.26E-03 0.04 0.02 0.01 001 4.03E-03 4.5X03 6.7OE-P-4 6.69803 7 30E-03 3.65E.03 5.5X-03 0.02 2.26E.I 

PAH Benzo(b)Ruoranthene 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

PAH Benzo(e)pyrene 0.02 0.02 0.02 6.BlE-03 0.03 0.02 001 0.01 3.77G03 4.37E.03 6.,lE-04 7.65603 6.22E-03 3 59803 4.67b03 0.02 2.378( 

PAH Benzo(g,h,i)perylene .O,E.O, 3.55E-03 3.46E.03 1.6OEO3 4.60B03 J.OQE-03 1.45E.03 2 06E.03 7.66E.04 ,.85E-04 1.75G04 1.43G03 1 PBE-03 7.09E.04 0.63&04 3.24E.03 3.90E-I 

PAH Benzo(k)fluoranthene 0.04 0.05 0.05 0.02 0.07 0.03 o.o* 0.02 7.52803 6.6OE-03 1.448-03 0.02 0.01 S.BOE-03 0.53E-03 0.05 4.69E-( 

PAH Biphenyl 0.05 0.06 0.05 0.04 0.06 0.08 0.05 0.06 0.02 0.03 6.89E-03 0.04 0.03 0.02 0.03 0.05 0.01 

PAH Chrysene 0.07 0.10 0.06 0.02 0.12 0.05 0.03 0.03 6.83b03 0.01 1.49b03 0 02 0.02 6.,OE-03 0.01 0.06 6,35E-t 

PAH Dibenz(a,h)anthracene .06E-04 l.llE-03 9.35E-(14 4,40E-04 ,.40E-03 9.lOE.04 4.34B04 5.36E-04 1.98E.04 2.2lE-04 4.01E-05 3.62E.04 345&04 i.BZE-04 2.&2C04 0.52804 ,.O4E-( 

PAH Fluoranthene 0.26 0.43 0.20 0.11 0.77 0.36 0.10 0.14 0.05 0.06 0.01 0 09 0.11 0 07 0.06 0.49 0.04 

PAH Fluorene 0.16 0.27 0.12 0 05 0.36 0.34 0 05 0.05 0.03 0.03 6.9OE-03 0 04 0.03 0.02 0.04 0.09 0.02 

PAH Indeno(l,2,3-cd)pyrene .lSE-03 4.13803 3 BSE-03 ,.6lE-03 4.93B03 3 05E-03 ,.65E-03 2 t4E-03 7.92804 6.5lE-04 ,.50E-04 ,.46E-03 1.32E-03 ,.5BE-04 l.o4E-03 3.27E.03 4.lOE-( 

PAH Naphthalene 0.50 0.55 0.56 0.47 0.53 1.79 0.59 0.59 0.33 0.35 0.05 0.46 0.51 0.30 0.46 0.71 0.11 

PAH Perylene .SBE-03 0.01 ,.55E-03 3.75E.03 0.01 G.tBE-03 4.16G03 4.76803 ,.63E-03 2.17B03 3 9lE-04 3.llE.03 2.72803 1 88803 2.30E.03 6 ME-03 ,.02E-1 

PAH Phenanthrene 0.54 0.73 0.30 0 19 0.90 1.13 0.19 0.17 0.09 0.12 0.02 011 0.13 0.07 0.15 0.70 0.08 

PAH Pyrene 0.31 0.46 0.50 0.15 0.64 0.44 0.21 0.24 0.06 0.07 001 0.13 0.16 0.06 0.00 0.77 0.06 

PAH LMW PAHs 2.40 2.58 1 70 1.20 3.44 5.02 1.34 144 0.70 0.79 0.13 1.07 1.27 0.74 0.09 2.52 0.36 

PAH HMW PAHs 0 73 1.16 0.87 032 1.92 0.94 0.37 0.47 0.14 0.16 003 0.26 0 32 0.16 0.20 142 0.12 

PAH Total PAHs 3.13 3.74 256 1.52 535 5.97 1.71 1.9, 0.64 0.95 0.16 1.34 1.59 0 92 1.16 3.95 0.46 

PCE Total PCBs 4OE-03 4.74C03 0 05 1 7OE-03 24,803 4.47E.03 3.97E-03 3.73E.03 1.53E.03 l.lOE-03 l.l,E-03 t 80E-03 2.49B03 l.O6E-03 1.2lE-03 2.39E-03 ,.85E-r 

PST Aldrin .29E-06 2.77E.06 1 .iOE-06 i.OZE-OS 6 ,QE-07 l.O6E-06 l.O6E-06 l.i4E-06 2.46E-06 1.28E-06 6 68806 1.15E.06 1 64806 1.33E-06 1.6OE-06 2.77E-06 5.03E-I 

PST Hexachlorobenzene .29E-06 ,.3lE-05 5.36806 2.24E.06 4.22E-06 3.42806 3.36E-06 3 63E-06 7.61806 4.OBE-06 2.13B05 3.66E-06 5.67E-06 4 22E-06 5.08E06 6,62E-06 1.6OE.I 

PST Mirex 1.47b07 2.15E-06 t.lBE-05 ,.lZE-07 Z.BlE-07 2.24B05 144E-06 3.34E-06 1.02E-06 1.56E-06 2.76E.06 l.,5E-06 2.76E-06 1.69E-06 6 6lE-O? Z.BIE-06 2.08E-I 

PST o,p’-DDE .27E-06 2 34805 3.97E.04 9 44E-06 ,.67E-05 3.36E.05 2.14E-05 1.65B06 6.63E.06 6.37E-06 9.56E-06 1.58506 l.OZE-06 7 37B07 6.33E-06 l.ME-05 l.,lE-r 

PST p.p’-DDE .,I&05 9.35E-06 4.26B05 ,.15E-05 2.37b05 2.65E-05 ,.15E-05 1.5lE.05 57OE-06 6.62B06 9 27b07 1.66E-05 1.36805 0.53B06 6.5OE-06 1.75505 2.15E-I 

TOC %TOC 1.76 1.47 3.72 4.01 6.00 3.79 3.54 3.57 1.66 3.16 0.61 3.54 2.21 3.07 2.55 1.47 0.81 

1 - Porewater concentration (pgt) = se ?ntrationl(foc X Koc)(foc=%TOC/i 00). 

2 - Sii i&k A-l ioi KOC VkteS. 

3 -sum of Low Molecular Weight P 1-Methylnaphthalene, I-Methylphenanthrene, 2,6-Dimethylnaphthalene, 2.Methylnaphthalene, Acenaphthene. Anthracene, Biphenyl, Fluorene, Naphthalene, and Phenanthrene. 

4 . sum of High Molecular Weight P Benzo(a)anthracene, Benzo(a)pyrene, Benzo(e)pyrene, Chrysene, Dibenz(a,h)anthracene, Fluoranthene, Perylene. and Pyrene. 

5 -Total PAHs -sum of LMW 8s HMW PAHs 

6 - Sum of individual PCB congeners x 2; see Table A-3.1 b. 

"u 
s 
1 

A 

i-a 

4.53 

3.90 

4.99 

4.63 

3.00 

3.65 

3.00 

447 

5.60 

6.01 

6.09 

0.01 

6.59 

6.00 

3.09 

5.50 

6.56 

5.03 

4.14 

6.54 

3.30 

5.95 

447 

5.02 

6.43 

6.39 

5.70 

677 

6.65 

665 - 



Table A-3.1 B. Concentrations of PCB congeners and calculation of Total PCBs in surface sediment (O-15 cm) collected in the Derecktor Shipyardlcoddington Cove study area. 

PCB CONGENERS 
ERA investigatior 

I I 

p-Es-k%- 
Units: =vg/L. 

8 
Y 
$j 

-1 
6.27 
6.54 
6.63 
6.63 
6.71 
680 
7.15 
5.15 
7.24 
7 05 
7.43 
7.95 
8.04 
5.57 
5.65 
5.74 
6.09 
4.98 

0 
0 

- 

? 8 
t. 9 5; 0) l? 5 G 9 :: x s 

r. 
% a 

8 f 
?; n 6 

2 T 
n n 8 8 5 & zi n ii h ? s ? 

n 5 8 8 8 ii z 
I.94604 2.06E-04 3.16E-03 7,34E-05 1.47E-04 2.66L04 1.77E-04 2.14E-04 5.60E-05 4.83E-05 4.49E-05 l.OlE-04 1.54E-04 4.87E-05 4.37E-05 1.42E-04 3 39E-05 
2.84E-05 3.59E-05 l.O7E-03 1.48E-05 3.15E-05 5.39E-05 3.32E-05 2.14E-05 9.84E-06 7.24E-06 1.66E-06 l.l2E-05 1.85E-05 5.44E-06 6.09E-06 3.04E-05 3.83E-06 
6.65E-05 9.96E-05 1.54E-03 4.18E-05 7.15E-05 1.22E-04 8.47E-05 7.48E-05 3.34E-05 2.61E-05 5 24E-06 4.08E-05 5.67E-05 1.91E-05 2.09E-05 7 76E-05 l.O6E-05 
1.81E-05 2.15E-05 4.63E-04 l.llE-05 2.OOE-05 3.9OE-05 1.89E-05 2.08E-05 7.84E-06 8.49E-06 1.36E-06 1.24E-05 1.89E-05 6.41E-06 5.59E-06 2 27E-05 6 72E-06 
6.39E-05 9.45E-05 1.37E-03 5.23E-05 8.57E-05 1.35E-04 8.09E-05 8.20E-05 3 36E-05 2 95E-05 4.43E-06 4.94E.05 6.46E-05 3.22E-05 3.13E-05 9 27E-05 1.40E-05 
3.85E-05 6.58E-05 7.35E-04 3.92E-05 5.90E-05 8.53E-05 5.91E-05 5.40E-05 2.59E-05 2.38E-05 5.33E-06 3.55E-05 4.17E-05 2.28E-05 2 73E-05 6 25E-05 l.OlE-05 
3.56E-06 7.43E-06 8.45E-05 556E-06 8.49E-06 l.l8E-05 7.lOE-06 4.60E-06 342E-06 3.12E-06 1.51E-06 3.52E.06 4.53E-06 3.11E-06 4.24E-06 8 24E-06 148E-06 
2.63E-04 3.76f.S04 1.58E-03 7.92E-05 7.91E-05 2 42E-04 2.47E-04 1.79E-04 112E-04 5.22E-05 1.74E-05 9.79E-05 l.O7E-04 1.56E-04 6.82E-05 1.62E-04 2.31E-04 
6.05E-06 l.O8E-05 8.30E-05 8 37E-06 1.32E-05 1.78E-05 1.03E-05 7.37E-06 5.27E-06 4.51E-06 2.66E-06 5.24E.06 6.67E-06 4.76E-06 6.32E-06 1.36E-05 2 38E-06 
9.03E-06 1.17E-05 6.19E-05 8.78E.06 1.25E-05 1.66E-05 l.O9E-05 1.07E-05 6.43E-06 5.30E-06 1.14E-06 8.57E-06 9.69E-06 555E-06 6.47E-06 1.37E-05 3.23E-06 
3.39E-07 1.27E-06 2.91E-06 8.9OE-07 2.33E-06 9.82E-07 1.73E-06 5 53E-07 4.16E-07 5.74E-07 5.55E-07 3.38E-07 3.08E-07 3.25E-07 8.30E-07 1.40E-06 7.57E-07 
9.46E-07 1.61E-06 2.23E-06 8.66E-07 3.18E-06 1.84E-06 1.26E-06 8.38E-07 7.50E-07 6.34E-07 7.97E-07 7,01E-07 1.40E-06 4.05E-07 8.42E-07 1 80E-06 9.46E-07 
4.65E.07 1:26E-06 1.23E-06 9.05E.07 1.57E-05 1.63E-06 l.O7E-06 l.lOE-06 7.06E-07 5.66E-07 5.68E-07 6.14E-07 1.28E-06 4.60E-07 7.38E-07 1 75E-06 8.84E-07 
3.07E-04 2.28E-04 9.24E-04 9.95E-05 7.27E-05 1.79E-04 2.55E-04 1.95E-04 9.14E-05 7.33E-05 l.O4E-04 9.56E-05 9.22E-05 4.88E.05 8.28E-05 1.20E-04 6 67E-05 
2.54E-04 2.98E-04 3.86E-03 6.14E-05 1.44E-04 2.63E-04 2.14E-04 1.61E-04 7.18E-05 5.93E-05 132E-04 7.00E-05 l.O6E-04 3.41E-05 B.llE-05 1.21E-04 1.41E-04 
3.26E-04 4.46E-04 6.35E-03 1.29E-04 2.89E-04 4.41E-04 3.42E-04 2.25E-04 l.O5E-04 7.82E-05 1.52E-04 7.00E-05 1.72E-04 4.17E-05 8.55E-05 1.81E-04 1.63E-04 
2.77E-04 8 87E-05 3.67E-03 3.31E-05 5.10E-05 1.99E-05 5.69E-05 2.54E-04 2.20E-05 2.23E-05 1.62E-05 1.21E-04 1.73E-04 5.45E-05 2.83E-05 3.87E-05 2.35E-05 
3.45E-04 3.76E-04 1.57E-03 1.72E-04 l.O2E-04 3.34E-04 3.87E-04 3.58E-04 1.79E-04 1.07E-04 9.35E-05 1.74E-04 2.15E-04 571E-05 1 05E-04 l.O3E-04 2.13E-04 
2,20E-03 2.37E-03 2.68E-02 8.52E.04 1.21E-03 2.23E-03 1.99E-03 1.87E-03 7.65E-04 5.48E-04 5.85E-04 8.99E-04 1.24E-03 5.42E-04 6.05E-04 120E-03 9.27E-04 
4,40E-03 4.74E-03 5.35E-02 1.70E-03 2.41E-03 4.47E-03 3.97E-03 3.73E-03 1.53E-03 l.lOE-03 l.l7E-03 1.80E-03 2.49E-03 l.O8E-03 1.21E-03 2.39E-03 1.85E-03 

1.79 1.47 3.73 4.01 6.09 3.79 3.84 3.57 1.66 3.18 0.61 3.55 2.21 3.08 2.55 1.48 0.81 

SUMPCB = Sum of congener concentratwns 

TOTPCB = Total PCBs - SUMPCB x 2 
1 - porev.&er concentration (pg/L) = sediment concentrationJ(foc X K&. The foc=%TOC/iOO; sediment PCB congener concentrations reported in-Table A-2.1~. 

2 - See Table A-l for Koc values. 
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Table A-3.2. Hazard Quotients calculated for CoCs in sediment porewaters from the Derecktor 

ShipyardEoddington Cove study area’. 

Clas [Analyte 

MET /Arsenic 

MET Cadmium 

MET Chromium 

MET SEM:AVS 

PAH 1.6,7-Trimethylnaphthalens 

PAH I-Methylnaphthalene 

PAH l-Methylphenanthrene 

PAH 2,&Dimethylnaphthalene 

PAH 2-Methylnaphthalene 

PAH Acenaphthene 

PAH Acenaphthylene 

PAH Anthracene 

PAH Benzo(a)anthracene 

PAH Benzo(a)pyrene 

PAH Benzo(b)fluoranthene 

PAH Benzo(e)pyrene 

PAH Benzo(g,h.i)perylene 

PAH Benzo(k)ttuoranthene 

AH Dibenz(a,h)anthracene 

AH Phenanthrene 

AH LMWPAHs 

AH HMWPAHs 

AH Total PAHs 

CB Total PCBs 

ST Hexachtorobenzene 

I- Hazard Quotients calculated as Eqf 

0.88 

710 

0.46 

0.29 

0.07 

0.04 

0.10 

.68E-0 

16.00 

0.14 

620 

0.81 

0.63 

0.03 

0.16 

3.88 

.OOE-0 

.OOE-0 

.XE-0 
- 
lculah 

-4.34 -0.58 -32.87 -11.10 -35.12 -3.90 -9.45 -2.80 0.21 -5.62 -0.08 -7.10 0.08 -5.57 -3.65 -3.32 -0 64 

0.09 0.13 0.13 0.16 017 0.33 0.14 0.13 0.08 0.11 0.02 0.09 0.1, 0.06 0.08 0.16 0.04 

%.63E-04 1.64C04 1.27804 850b05 BZOE-04 l.O3E-03 8.81E-06 7.QOb05 3.94E-05 5.31E-05 7.38E-06 6.,3E-05 6.62E-06 4.2OE-05 7.86E-05 2,7E-04 4.17~.C 

0.97 1.45 0.87 0.42 1.14 0.55 0.42 0.84 0.16 0.21 0.02 0.46 0.35 0.19 0 20 1.48 0 02 

,.QQ 2.14 1.21 0.64 2.38 ,.41 0.6, 0.98 0.22 024 0.03 0.62 0.75 0.36 035 1.87 0 16 

0.71 1.35 0 83 0.28 1.72 0.70 0.28 042 012 0 12 0.02 0.24 0.25 0.14 0 15 0.61 0.07 

0.52 0.69 0.58 0.22 0.92 0.50 0.25 0.32 0.10 0.11 0.02 0.21 017 0 09 0.13 0.50 0.05 

0.71 1.05 0.64 024 122 0.49 0.27 0.36 0.09 0.10 0.02 021 0.18 0.09 0.12 0.79 0 07 

0.54 0.66 0.56 026 083 0.54 0.26 0.32 0.12 0.13 0.02 0 22 0.21 0.11 0.17 0.57 0.06 

002 0.03 0.01 6.62E-03 0.05 0.02 B.OZE-03 8.68E-03 3.32803 3.78803 6.85804 564E-03 6.87E-03 4.34803 4 QOE-03 0.03 2.7OE-C 

1.30 1.93 0.87 0.4, 2.58 2.45 0.39 0.38 0.21 0.23 0.05 0 27 0.23 0.11 0.30 0.68 0.14 

LIIE-04 8.82E-04 Q.OlE-04 7.51&04 ,.02E-03 2.68B03 Q.47b04 Q.5QE-04 525E-04 5 62E-04 8.67E-05 7.72E-04 Q.76&04 6.07E-04 745E-04 ,.,5E-03 ,.82E-C 

0.66 

0.49 

4.05 

2.88 

7.03 

0.15 

;.4OE-05 

.98E-06 

1.47&04 

.27E-03 

0.90 

0.76 

510 

4.53 

9.63 

016 

,.7OE-05 

3.55E-06 

2.15b03 

0.02 

0.38 

079 

2.58 

3.4, 

599 

178 

6 72806 

1.46506 

0.01 

0.40 

023 

0.24 

1.34 

1.25 

258 

0.06 

6.24E-06 

609807 

7.12&04 

Q.44E.03 

1.12 

1.33 

6.26 

6.07 

,233 

0.08 

4.17806 

,.,5E-06 

2.81B04 

0 02 

1.40 

0.69 

5.60 

2.95 

8.55 

0.15 

S.SOE-06 

9.3OE-07 

0.02 

0 03 

0.23 

0.33 

1.37 

1.40 

2.77 

0.13 

6.51E.06 

Q.i6E-07 

,.44E-03 

0.02 

0.2, 

0.39 

1.70 

1.81 

3.5, 

0.12 

7.OOE-06 

9.87807 

3.34E-03 

1.65C03 

0.12 

0.10 

0.63 

0.52 

1.15 

0.05 

151E-05 

2.12E-06 

,.02E-03 

8 831.03 

0.14 

0.12 

0.72 

0.59 

1.31 

0.04 

7.665-06 

l.,,E-06 

,.56E-03 

8.37803 

0.03 

0.02 

0.12 

0.09 

0.21 

0.04 

4.1OE-05 

578E-06 

2.76B03 

9.58E-03 

0.16 

0.20 

1.05 

I.09 

2.13 

0.06 

7.06E-06 

QQBE-07 

,.75E-03 

156E-03 

0.16 

0.26 

1.25 

1.06 

2.3, 

008 

,.13E-05 

,.5QE-06 

2.76E-03 

,.02E-03 

0.09 

0.12 

0.63 

0.56 

1.18 

0.04 

8.15E-06 

l.l6E-06 

1.89C03 

7.37E-04 

0.19 

0.13 

0.93 

0.71 

1.64 

0.04 

Q,8,E-06 

1.38E-06 

6.6,E.04 

6.33E-03 

0.86 

1.22 

3.57 

3.7, 

7.28 

0.08 

,.7OE-05 

2.40E-06 

2.61E.03 

0.02 

010 

0.09 

0.44 

0.34 

0.76 

0.06 

3.OQE-0 

4.35B0 

208E-0 

0.01 

0.0; 9 3x-03 0.04 o.oi 0.62 

lrewdter concentration (Table&3.1A)kVQS.V. 

0.03 J.Ci U.UL 5iOfO% o.82t-~3 9 z7E-04 0.02 0.0, Q.53B03 6.5OE-03 0.02 2.15E-0 

2 - Water Quality Screening Value (Table 4). 



Table A-3.3A. Porewater Hazard Quotients’ (PW-HQs) for Derecktor Shipyard Marine ERA stations exhibiting NO TOXICITY’ 
to amphipods (Ampelisca abdita). 

MET Cadmium 

MET Chromium 

MET copper 

MET Lead 

MET MFNCU~ 

MET Nickel 

MET Silver 

MET Zinc 

MET SEM:AVS 

PAH l&7-Ttimethylnaphtalene 

PAH I-Methylnaphthalene 

PAH I-Methyiphenanthrene 

PAH 2,6-Dimelhylnaphthalene 

PAH P-Methylnaphthalene 

PAH Acenaphthene 

PAH Acenaphthylene 

PAH Anthracene 

PAH Benzo(a)anthracene 

PAH Benzo(a)pyrene 

PAH Benzo(b)Ruoranthene 

PAH Benzo(e)pyrene 

PAH Benzo(g,h,i)perylene 

PAH Benzo(k)fluoranthene 

PAH Biphenyl 

PAH Chtysene 

PAH Dibenz(a,h)anthracene 

PAH Fluoranthene 

PAH Fluorene 

PAH Indeno(l.2,3-cd)pyrene 

PAH Naphthalene 

PAH Petylene 

PAH Phenanthrene 

PAH Pyrene 

PAH LMW PAHs 

PAH HMW PAHs 

PAH Total PAHs 

PCB Total PCBs 

PST Aldrin 

PST Hexachlorobenzene 

PST Mirex 

PST o,p’-DDE 

IjPST I p,p’-DDE 

1 - Hazard Quotients fmm Table A-3.2. 

B 
t; 

D 

-4.34 -0.58 35.1; -3.80 -9.45 -2.90 0.21 -5 62 -0.06 -7.10 0.06 -5.57 -3.85 -3.32 .O.M 

0.09 

63E-C 

0.97 

1.99 

0.71 

0.52 

0.13 

&E-l 

1.45 

2.14 

1.35 

0.69 

0.17 

2OE-I 

1.14 

238 

1.72 

0.92 

0.33 

03E-( 

0.55 

1.41 

0.70 

0.50 

0.71 1.05 1.22 0.49 

0.54 0.66 0.63 0.54 
0.02 0.03 0.05 0.02 

1.30 1.93 2.56 2.45 

.llE-I :.82E-I OZE- 

0.66 

0.49 

4.05 

2.98 

7.03 

0.15 

.40E-I 

.9sE-I 

.47E-I 

.27E-I 

0.01 - 

0.90 

0.76 

5.10 

4.53 

963 

0.16 

70E- 

L55E- 

!15E- 

0.02 

1.35E- 
- 

1.12 1.40 

1.33 OS9 

6.25 5.60 

6.07 2.95 

12.3: 655 

0.06 0.15 

SE- 

WE- 

0 02 

0 02 
= 

.30E-I 

002 

0.03 

0.03 
= 

0.14 

.slE-0 

0.42 

0 61 

0.28 

025 

0.27 

0.26 
s.OZE-0 

0.39 

1.47E-C 

0.23 

0.33 

1.37 

1.40 

2.77 

0.13 

iiSlE-C 

I.ltlE-C 

.44E-C 

002 

0.01 
- 

0.13 

9OE-0 

034 

0.98 

0.42 

0.32 

0.36 

0.32 

68E-C 

0.38 

59E-[ 

0.21 

0.39 

1.70 

1.61 

3.51 

0.12 

.WE-( 

.87E-( 

.34E-( 

65E-( 

0.02 
- 

s 
ii D 

0.08 

94E-CI 

0.16 

0.22 

0.12 

0.10 

0.09 

0.12 

.32E-0 

021 

0.12 

0.10 

0.63 

0.52 

1.15 

0.05 

.51E-0 

.12E-0 

.02E-0 

.63E-0 

.70E-0 - 

4 
5; 

A- 

0.11 

.31E-0 

0.21 

0.24 

0.12 

0.11 

0.10 

0.13 

1.78E-C 

0.23 

,.62E-C 

0.14 

0.12 

0.72 

0.59 

1.31 

0.04 

'.86E-C 

ILIIE-C 

,.56E-C 

i.37E-C 

i.82E.C - 

Lo 
B 

5; 
L 

0.02 

0.02 

.85E-0 

0.05 

.67E-0 
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2 -Toxicity data contained in Derecktor Shipyard Marine ERA (WC and URI, 1997). Table 5-2-l. 
3 - 95% Upper Confidence Limit based on sample size as follows: Mean+(b.,,(df)‘(STDEV/SQRT(n))); where STDEV=standard deviation; 

n=sampte size;t,&lfj=sample sizedependent percentage points of the t distribution (Ott, 1993). 



ZT 
OPO 

100 

IE39P 

IP3ZL’ 

8L't 

66.5 

tn 

9sz 

6LO 

SC'0 

'-310'1 

LB'0 

LOO 

85'0 

W'O 

850 

880 

trt 

LB'0 

-3LZ 

9t.o 

lt’tt- 

- 

EO 0 002 

-r 

oz’o 002 

P3EZ9 Ml7 

ElEcrt 002 

,-38p'9 WZ 

26'0 002 

8ZP 00'2 

WI 00.2 

9st wz 

zs‘o Ow2 

OE.0 cm 

0 

l-3918 00'1 

0 

wo 092 

I-XX6 WI 

tp’o wz 

two 00'2 

0 

0 

0 

0 

0 

OP.0 00 z 

SSO WZ 

LVO 00'1 

I;80 M)Z 

‘-3801 00'2 

et.0 WI 

0 

0 

0 

0 

ctz- owz 

0 

0 

0 

0 

0 

0 

0 

0 

0 

f 

z 

3 

i 

- 
to’0 

:o-3w3 

lr,‘k L 

0-360'8 

W3PZ9 

90'0 

SSZ 

sz’t 

PE‘t 

PZO 

EZO 

- 
WO 
ova 

L-U” 

w39v t 

‘03ZL’9 

8L‘t 

66'S 

IP’E 

SS'Z 

6L.O 

SE‘0 

o-3 1s L O-3 106 

tvo LB0 

o-3299 too 

81'0 9s'o 

PC0 WO 

ZZO 8SO 

SZ'O ES0 

PSO tz’1 

zt'o LB'0 

O-305 8 03LZ t 

9C’O El0 

ot.tt- LO'ZC 

0 

Y 
G4 
Y 

‘Z’EY a,qel uJOJ, Sl”S!iO”0 PJ=eH - C 

3aa-,d’dI 1Sdil 
gas-,d’o ) 

XSJ!N 
a”az”aqoJo~q3exaH 

“!‘PlV 

W3d IeIol 

SHVd lelol 

SHVd MWH 

SHVd MW-I 
auaJl(d 

a”aJqlue”aqd 

auajhad 

a”WlNdW 
auaJtTd(ps-c’z’l)ouapul 

a”aJonlj 

a”aq)“eJo”,, 

aua3eJqlue(q’e)zuaq!a 

a”ashq3 

Wwd!fl 
auaqw2Jony(y)ozuag 

aualhad(fy%)ozuaS 

auaJAd(a)ozuag 

auaqyeJony(q)ozuag 

auaJAd(e)ozuaS 

aua3eJq*ue(e)ozuag 

auamq3uV 

aualAq)qdeuaaV 

auaqlydeuazV 

~wwqdeu@.ww-z 
aualeqAdeul~qlaw!a-g’z 

auaJq)ueuaqdlAq$aW-1 

auaiewdeuWiww-1 
jualeq~qdeu~Aqlaur!Jl-~‘g’1 

sAv:w3s 

3”!Z 

Jawis 

lW!N 
hn3Jan 

peai 
laddo 

uJn&uoJq~ 

um!tupeD 

3!uasJV 

.( e@qe WS!/E~dwtj) spod!ydure 01 ,Allal)(ol fiu!yq!yxa sUO!Qe~S tjd3 au!Jeyy pmTd!qs JO$yCWJa(j ayl JO4 (W&/-M& ,S~UqOt-Q pJt?iX?H Jalk?MaJOd ‘ac’E-kj alCjk?l 

t 



Table A-4.1. Elutriate concentrations for sediments collected from the Derecktor Shipyard study area’. 

3 8 6 B 4 
2i zi & iTI cl 

0 a- D 0 0 
12.40 

Cadmium 0.10 

MET Chromium 0.40 

MET copper I.25 

MET Lead 9.40 

MET Mercury 0.10 

MET Nickel 400 

MET Silver 025 

MET Zinc 4 50 

MET SEM:AVS 288 1.16 12.10 7.47 7.57 
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PAH 2.6-Dimethylnaphthalene 

PAH 2-Methylnaphthalene 11.35 

PAH Acenaphihene 27.69 I .9s 3.95 

PAH Acenaphthylene 12.85 1.70 I.70 

PAH Anthracene 45.78 a.06 

PAH Benzo(a)anthracene 46.47 42.13 

PAH Benzo(a)pyrene 40.92 sss 16.lC 

PAH Benzo(b)fluoranthene 

PAH Banzo(e)pyrene 
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PAH Benzo(k)Ruoranthene 
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PAH Chrysene 31.67 
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PAH Fluoranthena 78.24 17.03 Ita 

PAH Fluorene 24.80 6.15 6.15 

PAH Indeno(l,2,3-cd)pyrene 

PAH Naphthalene 14.60 

PAH Perylene 

PAH Phenanthrene 28.71 a.73 10.07 

PAH Pyrene 227 203 31, 

PAH LMW PAHs I54 1664 28.23 

PAH HMW PAHs 433 238 498 

PAH Total PAHs 586 255 527 

PCB Total PCBs 77.82 69.45 54.32 

PST Aldrin I.60 0.88 0.94 

PST Hexachlorobenzene 0.08 0.11 0.90 

PST Mirex 0.40 0 09 0.71 

PST o,p’-DDE 3.52 280 2 97 

PST Ip,p’-DDE 0.42 0.42 0 63 
- - - 

Units: metals -fig/L; organics- rig/l.. 

1 - Elutriale concentration as reported in Derecktor Shipyard ERA, Appendix A-l-2 (SAIC. 1997). 

2 - SEM concentration used; AVS assumed = 0 in resuspended sediment. 
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Table A-4.2. Elutriate Hazard Quotients (ELU-HQs) for sediments collected from the Derecktor Shipyard study area’. 
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Table A-4.3A. Elutriate Hazard Quotients’ (ELU-HQs) for Derecktor Shipyard Marine ERA stations exhibiting NO TOXICITY2 to sea urchin (Arbacia punctulafa) FERTILIZATION. 
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2 -Toxic@ data contained in Derecktor Shipyard Marine ERA (SAIC and URI, 1997). Table 5 2-l 

3 - 95% Upper Confidence Limit based on sample size as follows: Mean+(t,,,,(df)‘(STDEV/SQRT(n))), where STDEV=standard deviahon, 

n=sample size; tp,gr&tf)=sample size-dependent percentage points of the t distribution (Ott, 1993). 
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Table A-4.4A. Elutriate Hazard Quotients’ (ELU-HQs) for Derecldor Shipyard Marine ERA 

stations exhibiting NO TOXICITY* to sea urchin (Abacia puncfulata) normal larval development. 

MET 

MET 
MET 

MET 

MET 
MET 

MET 

MET 
MET 

PAH 

PAH 
PAH 
PAH 
PAH 

PAH 
PAH 
PAH 

PAH 
PAH 
PAH 
PAH 

PAH 
PAH 

PAH 

PAH 
PAH 
PAH 

PAH 
PAH 

PAH 

PAH 
PAH 

PAH 
PAH 
PAH 

PAH 

PCB 
PST 

PST 
PST 

PST 

Arsenic 

Cadmium 

Chromium 

copper 

Lead 
M.XCUry 

Nickel 
Silver 

Zinc 

SEM:AVS 
1,6,7-Trimethylnaphthaletl 

1-Methylnaphthalene 
I-Methylphenanthrene 
2.6~Dimethylnaphthalene 

2-Methylnaphthalene 
Acenaphthene 

Acenaphthylene 
Anthracene 
Benzo(a)anthracene 

Benzo(a)pyrene 
Benzo(b)fluoranthene 

Benzo(e)pyrene 
Benzo(g.h,i)perylene 
Benzo(k)fluoranthene 

Biphenyl 
Chrysene 
Dibenz(a,h)anthracene 

Fluoranthene 

Fluorene 
Indeno(l.2,3-cd)pyrene 
Naphthalene 

Perylene 
Phenanthrene 

Pyrene 
LMW PAHs 

HMW PAHs 
Total PAHs 

Total PCBs 
Aldrin 
Hexachlorobenzene 

Mirex 
o,p’-DDE 

IlPST 1 p,p’-DDE 

1 - ELU-HQ data from Table A-4.2. 
= 

= 

- 

- 

2 -Toxicity data contained in Derecktor Shipyard Marine ERA (SAIC and URI, 1997). Table 5.2-l 

3- 95% Upper Confidence Limit based on sample size as follows: Meanyt,B,,(dt)‘(STDEv/sQRT(n))): where STDEV=slandard deviation: 
n-sample size; b,~(df)=sampk sizedependent percentage points of tie t distribution (Ott, 1993). Matimum values or 

range taken &here no.samples~3. 
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Table A-4.4B. Elutriate Hazard Quotients’ (ELU-HQs) for Derecktor Shipyard Marine 

ERA stations exhibiting TOXICITY’ to sea urchin (Arbacia punctulafa) normal larval development. 
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1 - Hazard Quotients from Table A-4.2. 
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2 - Toxicity data contained in Derecktor Shipyard Marine ERA (SAG and URI, 1997). Table 5.2-l. 



Table A-5. Comparing aquatic Threshold Effects Value Hazard Quotients’ for CoCs in porewaters and elutriates for identification of Limiting CoCs for the 
Derecktor ShipyardlCoddington Cove study area. 

II ) MAX TEV-HP 

II Limiting CoC 

MET 1 Arsenic 

MET Copper 

MET Lead 

PAH HMW PAHs 

PAH Total PAHs 

PCB Total PCBs 
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ELU 2.90 
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ELU 2.09 

ELU 37.51 
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ELU 0.07 

ELU 3.59E.0 
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0.15 0.16 1.70 0.06 0.00 0.15 0.13 0.12 0.05 0.04 0.04 006 0.08 0.04 0.04 008 0.06 

1.04 1.58 2.84 0.45 2.42 1.30 0.59 0.70 0.22 0.24 0.07 0.40 0.47 0.25 0.28 1.82 0.21 

0.89 1.42 1.78 2.34 1.15 1.74 
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PAHs 

- 
0.31 

0.43 
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PAHs 

HMW 
PAHs 

=I= 0.67 0.61 0.06 

1.76 0.43 0.43 

0.64 0.71 1.20 T-IT 0.06 0.06 0.05 

4.14E.03 4.25E-03 4.14E.03 

0.85 0.56 038 

0.98 

f 

3.76 0 

1.12 

Total 
PC% 
TOtsI 

0.24 

0.01 

0.78 

0.83 

o,p’-DDE copper Lead Lead Arsenic Lead Arsenic Arsenic Arsenic PCBS 

-IQ) = CoC concentration/Threshold Effect Value (TEV) (Table 7). 

2 - PW - bedded sediment exposure pathway, CoCs measured in porewater (PW; Table A-3.1@; ELU- Resuspended sediment exposure pathway, CoCs measured in sediment elutriates (ELU; Table A-4.1) 

3 - TEV units: ug/g dry weight for metals, rig/g dry weight for organics. 

4 - Sum TEV-HQ = sum of TEV-HQs for all analytes at a given station. 

Max TEV-HP = maximum TEV-HQs observed for all analytes at a given station 
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Table A-6. Avian predator Threshold Effects Value Hazard Quotients’ for CoCs in tissue of prey species 

consumed by avian aquatic predators in the Derecktor ShipyardlCoddington Cove study area, 

PCB Total PCBs 
MAX TN-HP 
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0.73 

.lZE-O! 
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Silver I Total PCBs I Silver 1 Total PCBs 

d Effects Value Hazard Quotient FEV-HQ) = CoC concentration Fable A-2.4)fllveshold Effect Value tTEVj (Table 9). 
Sitver Zinc 
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2 - Sum TEV-HQ = rum of TEV-H05 for al analytes at a given station. 
Max TEV-HCI q maximum TN-W% observed for all analytes at a given station 

3 - TN units: pal9 dry weight for metals. ng@ dry weight for orgaruc$. 
4 - CoC associated with matimum observed TEV-HQ by sample. 
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Table A-6 (continued). Avian predator Threshold Effects Value Hazard Quotients’ for CoCs in tissue of prey species 

consumed by avian aquatic predators in the Derecktor ShipyardKoddington Cove study area. 
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MaxTRI-HQ=mmaxlmumTEV-HQs observedforallanalytesataglvenstation 

3 - SeeTable 14forTWs. TN units: pgJ9 dry weightformetals,nglg dryweightfor organics 
4-Cccssrociated~~m~mwnobservedTN-HQbysample 

Total PCBs 
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Table A-7. Human Health Threshold Effects Value Hazard Quotients’ based on concentrations of 

selected contaminants in tissues of shellfish harvested from lower Narragansett Bay for consumption 
by subsistence fishermen. 
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0.34 
0.05 

0 01 
0.49 

b72 

4rsenic 

L 
3 
?; -CL- 

0.50 

0.43 
2.10 
0.05 
0.07 
0.24 

-TX- 

3e”ZO(a 

Zlass Anal te’ 

MET Arsenic 
‘AH f’ Be”zo(a)anthrace”e 

‘AH Be”zo(a)pyre”e 

‘AH Dibenz(a,h)anthracene 

‘AH I”de”o(l,2.3-cd)pyrene 

0 03 
0.34 
0.05 

0.01 
0.36 

0 23 
2.34 
0 05 
0.01 

mtient (TEWHQ) = CoC cancentmtiw (Tabla 

Be”Zofa)pyre”e 
Effects Value Hearc 

‘CB j;;;t-s, 

pyrene I pyrene 
le”zo(a) Elenzqa 

Arsenic Eg 
pyrene 
- 

pyrene 
3enzc@ 
pyrene 
- 

Be”zo(a)pyre”e 

2.4)Khreohold Effect Value (TR 

Arsenic 

able 14). 
2 - Sum TN-HQ = 5~” of TEV-HI 

Max TEV-HQ = maximum TSV 
for all enalyles at * give” station. 
Is observed for all anaF,ks at a give” statlo” 

3 - TN units: ug,g dly wght for met&, “g/g dry werght for organtcs 
4 - CoC associated with maximum observed TE?&HQ by sample. 
5 -Arsenic selected as L-CoC for this station (see Text Section 2.4). 



Table A-7 (continued). Human Health Threshold Effects Value Hazard Quotients’ based on concentrations of 

selected contaminants in tissues of shellfish harvested from lower Narragansett Bay for consumption 
by subsistence fishermen. 

TOtal Benzo(a 
PCBS Arsenic pyrene 

003 0.62 
0.34 3.02 
0.05 005 
0.01 0.10 

I Limiting CoC I I Benzo(a)pyrene I Benzo(a)pyrene 

1 . Threshold Effects Value Hazard Quotient (TN-HQ) = CoC concentri~tion (Tab 
2 - sun TN-HQ = sum of TEWHQs for all analytes at a given station. 

L & p1 is -JCL 
0.43 
052 
217 
0.05 
0.01 
0.33 

2.17 

3enzo(i 

pyrene 
aenw 
pyrene 

- 
-2.4)IThr 

z $ z z-4 1 
7 fh ii % ii P 0 0 :: 

0.35 1.51 0.35 0.52 
0.14 0.03 0.43 0.17 
0.76 0.34 1.93 1.93 0.34 0.34 
0.05 0.05 0.05 0.05 3.10 3.10 
0.01 0.01 0.09 0.09 0.26 0.26 
0.42 0.22 0.35 
0.76 1.51 1.93 3.10 

Dibenz(a 
Benzo(a) Benzo(a) h)anthra 

pyrene Arsenic pyrene ene 

- 
8 
d 
g 

-e- 
1.08 
0.03 
0.34 
0.05 
0.01 
050 
1.08 

Arsemc 

Benzo(a)pyrene 

iold Effect Value (TEVJ (Table 14). 

Arsenic’ 

- 

1 - 

2 
A 
P 
t; 

-AL- 
0.35 

0.39 
0.34 
0.05 
0.01 
0.43 

0.43 

Total 
PCBs 

- 

I 

I m c% Y 
zi -LL- 

0.31 
0.23 
0 58 
0.05 
001 
0.70 
0.70 

Total 
PCBs 

P A 
t 
it 

L!- 
0.43 

1.04 
0.05 
0.01 
0.19 
1.04 

3enzo(i 
pyrenr 

Benzo(a)pyrene ] 

Max TEV-HQ = maximum TN-HPs observed for all anaMes al B given stabon 
3 _ TEV units: ugg dry weight for metals, rig/g dry weight for OrganiCS. 

4 _ CoC associated with maximum observed TN-HQ by sample. 
5 -Arsenic selected as L-CoC for this station (see Text Section 2.4). 
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Table A-9. Comparison of sediment concentrations measured in URI (Quinn et al., 1994) and ERA (1997) investigations of the Derecktor 

ShipyardlCoddington Cove study area’. 



/ : i i *~ 
I 

Table A-9 (continued). Comparison of sediment concentrations measured in URI (Quinn et al., 1994) and ERA (1997) investigations 

of the DerecMor ShipyardlCoddington Cove study area’. 

leculat Weight PpH* 

Page 2 of 2 



‘(~13) sale!qnla juaur!pas u! paJnseaur ~303 ‘hemyled alnsodxa ~UalU!pas papuadsnsat] -n-Q !(N\d) Ja$EMaJOd u! paJnseaw ~303 ‘AeMy$ed unsodxa luaLu!pas pappaq - Md - E 
wo!$els ua@ e je safljeue lie ~04 pahlasqo sDH-s&j wnuwew = DH-s&j xayy 

x~o!lep ua@ e le satileue lie Jo4 sty+g&j 40 ums = DH-Oad wns - Z 

‘(91 alqel) (O&jd) (eos uo!ya!pauJa# h?u!uI!laJd Dypads-KeeMy$ed !J!Pnbw(V\‘z-v alqel)uo!~eJ$uaouo3 303 luaui!pas = CN+sad %enbv - 1 

I Peal laddo Jaddo3 Peal saa-,d’o 303 ‘3tld XVW 1 
OS0 P9’0 PL'O 89'0 PC0 LS'O 8p'O 6p'1 01'1 01'1 CZ'Z L&O 0Z.L ES'0 EP'O t3H-54d XVW 

98’0 9p’l tp’t 19’1 PS’L LE.2 LE‘O E9.1 91’1 WE 67.X 69X Pp'9 69'1 L6'LL SL' c 61'1 DH-3,tld IN-IS 

PO’0 11’0 80’0 LO’0 to’0 EO’O EO’O 01.0 LO'0 CO'0 op'o EYO SS'O 81'0 OI'L LC'O Lo'0 90’6 ni3 gas-,d’o Ed 
EO’O 91‘0 LL’O 11’0 61'0 CZ'O Lo'0 11'0 80'0 SE'0 IV.0 6S'O WI. SZ'O sz'9 6C'O 81'0 0% ni3 SEl3d lwl 83d 
oz’o OS0 PST0 PL'O 89'0 t6'0 LL.0 LS'O 8P'O 6tr'l 96'0 66'0 l.z'Z EC0 08' c 8p‘O EVO P6'E% Ill3 Peal 134 

EL’0 OP.0 LZ'O SE'0 LE.0 EL‘0 EO'O SP'O EZ'O 16'0 OL'L 0C.L PI'Z LCO SZ'Z ES0 ZE'O PL~L i-m laddo 13~ 

9p’o QZ’O LE’O 9E’O OE’O 9vo PL’O 6E'O OE'O PP'O LP'O zvo LSO SE'0 LP'O 8E'O 9z'o s9w f-m 3!uasJt/ l=Jv\I 

SHVd SHVd s93d 303 xvw 

MWH MVVH IWL 

6p'1 EE'P ZO'Z DH-%id X-VW 

so’0 9L'O LZ'O SZ'O PE'O PSO Lo'0 pt.0 88‘0 08'0 89'L L9'P Of'0 8p'B 18'0 89'0 DH-3tld WrTS 

Md yaa-$0 lsc 
MOP'8 SO'0 PO'0 PO‘0 90'0 LO'0 EO-360'P PO'0 zo'o ZC'O El’0 61'0 EE'O 8mO ZFZ 90'0 90'0 8E91 Md sCl3d IQ01 El3C 

PO’0 IL'0 EZ'O zz'o 8Z'O LP'O EO-36L'L SZ'O LL'O 9L'O L9'0 6tr'l EE'P z9'0 9p't 9L'O ES0 tG69 Md SHVd MWH HVc 
Cl 

tz 
0 0 0 

Y < 
b ? Y 

2 
? 

R 2 8 8 
< 

gz~~~~~~g$ ,wWv S-If 

f: % 2 i, ;c Y 5 I 
0 Ln G: 2 8 8 2 8 62 ICI tb lb t5 %. B 

u) 0) 4 cn 07 
G 
2i 

i 
9 
ii5 
5 

:eaJe Apnls 

aAo=) uo@!ppo3/pJeAd!ys JoJyDaJaa ayj Jo4 sheMl#ed amsodxa 3!lenbe ayl IJ! ~303 JOJ ,syJa!yont) pJezeH g&-J ‘y/o\-\d alqel 



g’
 

N
 I 

I 
5 

E
 D

S
Y

-1
 

01
 

9;
 

N
g 2 

P
 D

S
Y

-4
 

P 8!
 

g 
g 

D
S

Y
-8

 
I 

P
i 

8 
: 

D
S

Y
-9

 
= 

N
(O

 

., j_
_ . 



URI Investigations. = 
-5. 
2 
c 
I? 
Y 
J 

.z 
PW 
PW 
PW - 

- 

1 

tLC 

ELL 
ELC 
ELL 

cl 
:: 
0 
2 

% 
6951 
1638 

- 
24.63 
73.74 
83.94 
530 
9.06 

Table A-105 (continued). PRG Hazard Quotients’ for CoCs in the aquatic exposure pathways 
for the Derecktor ShipyardlCoddington Cove study area: 

5 
& 

2.94 

0.22 

3.16 

2.94 

HMW 

+ Y 
5; 

I 

n : 
0.26 0.47 

0.06 0.11 

0.33 0.58 

? 

g 
0.03 

0.01 

0.04 

;u 
s 

:: 

0.49 

0.15 

0.64 

Lopper 
= 
1 -Aquatic PRG-HQ = sediment CoC concentration(Table A-2.1E)/Aquatic pathway-specific Preliminary Remediation 

= PAHs 

0.69 0.13 0.28 0 0.07 

3.36 1.20 1.94 0.46 1.16 

1.08 0.50 0.70 0.46 

Goal (PRG) (Table 16). 

2 -Sum PRG-HQ = sum of PRG-HQs for all analytes at a given station. 

Max PRG-HQ = maximum PRG-HQs observed for all analytes at a given station. 

3 - PW - bedded sediment exposure pathway, CoCs measured in porewater (PW); ELU- Resuspended sediment 

exposure pathway, CoCs measured in sediment elutriates (ELU). 

Page 2 of 2 



, 
J i 

Table A-l IA. PRG Hazard Quotients’ for CoCs in the avian predator exposure pathway for the Derecktor ShipyardlCoddington Cove study area. 

,rRA invizsti gation. 

Copper 
Lead 
Silver 
Zinc 

I MAX PRG CoC 

1 . Avian PRG-HQ = sediment CoC car 

T 
g 

2 
17.09 
104 

622000 
2342 
118 

92.82 

ltration 

b 
t; 

-..LL- 
0.37 
0.13 

5.77E.05 
1.12E.04 

0.94 
101 

2.44 
1 01 

--rxr 

0.21 0.90 
6.50E.05 2.42E-04 
8.00E.05 2.94E-04 

086 4.65 

-+pg- 

m p! c 

----I- 
zi n 2 

0.51 0.73 
039 0.66 

1 25E-04 2.99E.04 
2.19604 3 36E.04 

1.44 3.34 

- 
s 2; A 

0.60 
0.44 

1.29E.04 
3.15E.04 

1.64 
3.40 

B.oB 
3.40 

-.lxir 
PC& 

s 6 

--l-- 
2 zi 0 

0.66 0.43 
0.29 0.15 

1.27G04 9 15E-05 
2.40E-04 1.65E.04 

1.23 0 79 

------I PCS5 PCBS PCBS PCBS PC85 peas PCBS Zinc peas 
ble A-2 l)/Avian (HQ=l) Preliminary Remediation Goal (PRG) (Table 16) 

J 

1 ? 1 
i 

2 Sum PRGHQ = sum of PRGHQs for all ana@% at a given statvan. 

Max PRGHQ = mavjmum PRGHQs observed for an analytes at a given station. 



Table A-l 1 B. PRG Hazard Quotients’ for CoCs in the avian predator exposure pathway for the Derecktor ShipyardlCoddington Cove 
study area. 

URI investigation. 

Ck.S Anal@ 

MET Arsenic 

..,-. -..._ 
PCB Total PCBs 92.82 0.73 2.25 7.90 

SUM PRG-HQ 2.25 8.37 19.80 
MAX PRG-HQ 1.27 5.04 10.47 

- 

% 
0 

0.34 

8.26E-05 

5.88E-03 

1.61 

2.10 

4.05 

2.10 
Total 

0.28 0.31 0.15 
6.96E-05 7.81E-05 5.10E-05 

S.SlE-04 6.80E-04 2.31Ew03 

1.47 1.49 1.01 

0.41 

8.14E-05 

7.42E-04 

1.57 

1.60 

3.58 

1.80 
Total 

I MAX PRG CoC I Zinc Zinc Zinc PCBs Zinc Zinc Zinc PCBs Zinc PCBs 

1 _ Avian PRG-HQ = sediment CoC concentration (Table A-P.lYAvian (HQ=I) Preliminary Remediation Goal (PRG) (Table 16). 

2. Sum PRG-HQ = sum of PRG-HQs for all analytes at a Swan station. 

Max PRG-HQ = maximum PRG-HQs observed for all analytes at a gwen StatiOn 

0 
25 

-AL...- 

0.29 

7.39E-05 

8.75C04 

1.37 

1 .so 

3.56 

1 .so 
Total 

0.10 0.03 

6.76E-05 5.07E-05 

2.28E-05 2.02E-05 

0.71 0.41 
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Table A-l 16 (continued). PRG Hazard Quotients’ for CoCs in the avian predator exposure pathway for the 

ShipyardlCoddington Cove study area. 

URI investigation. 

I 
Class 

MET 

MET 

MET 

MET 

MET 

PCB 

Analyte’ 

Arsenic 

Copper 

Lead 

Silver 

Zinc 

Total PCBs 

SUM PRG-HQ 

MAX PRG-HQ 

MAX PRG CoC I 
F t 

---I-- 

? 

i 
2i iTi 
n D 

0.09 0.44 0.38 0.43 0.16 

5.29E-05 9.68E-05 9.30E-05 1.24E-04 6.73E-05 

2.28E-05 6.79E-05 1.71E-04 3.77E-04 3.5iE-05 

0.61 1.39 1.19 1.34 1.49 

2.33 3.95 1 0.99 
3.88 5.73 ( 2.64 

2.33 
Total 

3.95 / 1.49 
Total 

PCBs PCBs PCBs PCBS Zinc PCBs PCBs 

- Avian PRG-HO = sediment CoC concentration (Table A-2.1)/Avian (HQ=l) Preliminary Ren 1 
2 -Sum PRG-HCl = sum of PRG-HP5 torall analytes at a given station. 

Max PRG-HQ = maxImum PRG-HQs observed for all analytes at a gwen station 

diation Goal (PRG) (Table 16) 
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Table A-l 3 (continued). Summary of maximum PRG-HQs and identification of Limiting CoCs by sampling 
location for aquatic, avian, and human health exposure pathways for the Derecktor Shipyard study area. 

PRG-HQ=Preliminary Remediation Goal Hazard Quotient. L-CoC=Limiting Chemical of Concern. See text, 
Section 1 .O. PRG-HQs<l not reported. 
1 - PRG-HQ = analyte pathway-specifc concentration/analyte-pathway-specific TEV value. 
2 -Values presented are maximum of Aquatic PRG-HQs by station. Complete PRG-HQ 
values presented in Tables A-IDA and A-IOB. 
3 -Values presented are maximum of Avian Predator PRG-HQs by station. Complete PRG-HP 
values presented in Table A-l IA and A-l 1-B. 
4 -Values presented are maximum of Human Health PRG-HQs by station. Complete PRG-HQ 
values presented in Table A-12A and A-12B. 
5 -Values presented are maximum of individual exposure pathway PRG-HQs by station. 
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Table A-l 3 (continued). Summary of maximum PRG-HQs and identification of Limiting CoCs by sampling 

location for aquatic, avian, and human health exposure pathways for the Derecktor Shipyard study area. 

Aquatic (A-B) PRG-HOI,2 
___ 

Bedded Sediment L-COC 
- 

Aquatic (A-R) PRG-HQ1,2 0.48 0.57 0.94 0.68 0.74 0.64 

Resuspended Sediment L-COC 

Avian Predator (P) PRG-HQf,3 1.23 1.08 

L-&C Zinc 
Total 
PCBs 

Human Health (HH) PRG-HQ1,4 1.26 2.74 5.92 3.04 2.22 2.65 5.87 

L-COC 
Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) 

pvrene pvrene ovrene ovrene pvrene ovrene pvrene 

Combined PRG-HQ ‘es 1.26 2.74 5.92 3.04 2.22 2.65 5.87 

Exposure 

Pathway 

L-COC 
Benzo(a) Benzo(a) 

pyrene pyrene 
Pathway HH HH 

pyrene pyrene pyrene 
HH HH HH HH HH 

PRG-HQ=Preliminary Remediation Goal Hazard Quotient. L-CoC=Limiting Chemical of Concern. See text, 
Section 1 .O. PRG-HQs<l not reported. 
1 - PRG-HQ = analyte pathway-specifc concentrationlanalyte-pathway-specific TEV value. 
2 - Values presented are maximum of Aquatic PRG-HQs by station. Complete PRG-HQ 
values presented in Tables A-IOA and A-IOB. 
3 - Values presented are maximum of Avian Predator PRG-HQs by station. Complete PRG-HQ 
values presented in Table A-l IA and A-l 1-B. 
4 -Values presented are maximum of Human Health PRG-HQs by station. Complete PRG-HQ 
values presented in Table A-12A and A-12B. 
5 - Values presented are maximum of individual exposure pathway PRG-HQs by station. 
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